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TANGENTIAL 

FIRING AT= 

KIPS BAY 
STATION 


450,000 10. per hour 
Cross section of tangentially fired pul- 


verized fuel unit at Kips Bay Station, The Kips Bay Station of the New York Steam Corporation 
New York Steam Corporation, New York. is one of the earlier stations to install tangentially fired units 
designed by Combustion Engineering Corporation. 











The turbulence produced by tangential firing insures intimate 
mixing of the pulverized coal and air. Thus, combustion is 
rapid and complete and high rates of heat liberation result. 
The swirling gases are at high temperatures and high rates of 
heat transfer are secured, both by radiation and by convection. 











Although installed several years ago, these units at the New 
York Steam Corporation are still among America’s largest 
steam producets. 


Other outstanding tangentially fired installations are at the 
Hell Gate Station of the United Electric Light & Power Com- 
pany, New York, and the Sparrows Point plant of Bethlehem 
Steel Company. The new 1400 lb. pressure units to be in- 
stalled at the Fordson plant of Ford Motor Company will 
also be tangentially fired. 

















General arrangement of burners in a typical 


tangentially fired pulverized fuel furnace Cc OMBUSTION E NGINEERING 
showing the owe war nse — “é this | | , Cc °o R P oO a A TION 
200 Madison Avenue _ New York, N. ¥Y. 
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jase BLAW-KNOX PREHEATERS 


A roll cali shows the 
installation of from 
ONE to FIVE 
BLAW-KNOX 


REGENERATIVE AIR PREHEATERS 
utilizing waste heat in the plants of— 


ACME STEEL COMPANY 
AMERICAN STEEL & WIRE COMPANY 
AMERICAN SHEET & TIN PLATE CO. 
AMERICAN ROLLING MILL COMPANY 
AMERICAN TUBE & STAMPING CO. 
BETHLEHEM STEEL CORPORATION 
BOURNE - FULLER COMPANY 
CARNEGIE STEEL COMPANY 
CENTRAL ALLOY STEEL CORP. 
CRUCIBLE STEEL CO. OF AMERICA 
ILLINOIS STEEL COMPANY 

JONES & LAUGHLIN STEEL CORP. 
NATIONAL TUBE COMPANY 
REPUBLIC IRON & STEEL COMPANY 
WEIRTON STEEL COMPANY 
WISCONSIN STEEL COMPANY 
YOUNGSTOWN SHEET & TUBE CO. 





BLAW-KNOX 
REGENERATIVE AIR PREHEATERS 
are the most reliable means for heating 

air to high temperatures — for 
BILLET HEATING FURNACES 
SLAB HEATING FURNACES 
OPEN HEARTH FURNACES 
BLAST FURNACE GAS 
FIRED BOILERS 
SOAKING PITS 


Your selection of an AIR PREHEATER 
might well be guided by the experiences 
of seventeen of America’s leading 
manufacturers of steel. 


BLAW-KNOX COMPANY 
2032 Farmers Bank Bldg. 
PITTSBURGH, PA. 
Offices and Representatives in all Principal Cities 








REGENERATIVE 
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Margins of Improvement in Station Heat-Rates 


N the last few years 
we have seen the 
best central station 
heat-rates reduced 
from about 19,000 to 
below 13,000 B.t.u 
per kw-hr. and one 
now wonders what 
further improvement 
may be possible in 
station performance. 
While it is very haz- 
ardous to make pre- 
dictions in this con- 
nection it is at least harmless to attempt a 
survey of the possibilities. In the boiler room 
such great advances have already been made 
in the combustion and heat absorption pro- 
cesses that little margin is left for improving 
the thermal efficiency there, although many 
opportunities still remain for bettering the 
equipment and reducing capital and operating 
expenditures in this part of the plant; also, 
under favorable conditions, gains may be ef- 
fected through recovery of valuable by-prod- 
ucts from the raw fuel before its combustion. 
For further reduction in station heat-rates 
one must look mainly to the turbine room, 
where the recent improvements were effected 
principally by adopting regenerative feedwater 
heating, higher steam pressures and tempera- 
tures and interstage reheating. Further low- 
ering of turbine rates depends primarily on 
increasing the throttle pressures and tempera- 
tures still more, which places added burden 
on the boilers and superheaters. Steam gen- 
erators of commercial types for furnishing 
steam at pressures around 1400 lb. per sq. in. 
and at temperatures up to 750 deg. fahr. have 
been developed with such success that fear of 
high pressures has been dispelled, and, as a 
result, many are now engaged in devising new 
designs and materials which will permit of 
generating and utilizing the steam at still 
higher pressure and temperature levels. 
These increases will not only effect econo- 
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mies in themselves but may result in the dis- 
covery of new ways of utilizing the heat, or 
permit of applications heretofore not feasible. 
For example, it seems possible to improve 
and simplify the methods of multiple inter- 
stage resuperheating, to devise cycles which 
will reduce the sizes and cost of condensers 
and the low pressure ends of turbines, to 
greatly broaden industrial applications of bled 
steam, and to generate considerable by-prod- 
uct power in connection with district heating. 

While increasing the steam pressures may 
improve the thermal efficiencies a little, and 
also reduce the size of apparatus with possible 
decrease in investment costs for land, build- 
ings and equipment, it appears that the prin- 
cipal economic gain will be effected through 
temperature elevation, both directly and 
through other changes which it makes pos- 
sible; hence the great effort now being di- 
rected to developing high temperature appa- 
ratus. At least one manufacturer in the United 
States is now ready to construct with usual 
materials superheaters for delivering steam at 
850 deg. fahr. With special heat-resistant 
materials, or possibly by using the cheaper 
materials with designs which make easy the 
frequent replacement of parts subjected to 
greatest punishment, steam temperatures of 
1,100 degrees or more may eventually become 
commercially applicable where local condi- 
tions are suitable. Computations seem to show 
that when this comes about, and progress 
being made in Europe and in this country in- 
dicate that it may be fairly soon, the best 
heat-rates of central stations may then be 
lowered another 2000 B.t.u. per kw-hr., and, 
further, it may be expected that this rela- 
tively large thermal gain may be accomplished 
with little or no addition in plant investment. 


P38 2 
Professor of Power Engineering, 
Cornell University. 
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Coal is King! 


BITUMINOUS coal production in this country 

reached its peak in 1918, since when the annual 
tonnage figures have been irregular but consistently 
lower. 

Bituminous coal prices are now at the lowest 
levels since 1917. 

Coal is King! 

King of a realm that is passing through lean years, 
but King, nevertheless. 

Fully 60 per cent of all our power is produced by 
coal—over 50 per cent by bituminous coal, alone. 
Obviosuly, coal is essential to our industrial ex- 
istence. 

Conversely, the confidence and support of indus- 
try is essential to the coal producers during these 
present impoverished years when many coal prop- 
erties are being operated at a loss. 

In his article ‘‘The Case of Coal’’ beginning on 
page 24 of this issue, Dr. George H. Ashley presents 
a remarkably clear picture of present conditions in 
the coal industry. He points to a rift in the clouds 
beyond which lie greater stability and a brighter 
future for this basic industry. 


Civilization’s Contribution 
to Science 


~ commemorating the fiftieth anniversary of the 

founding of the American Society of Mechanical 
Engineers, the technical press appropriately de- 
voted much space, during the past month, to re- 
views of engineering achievements and to pointing 
out the many ways in which science and engineer- 
ing have contributed toward advancing civilization 
and raising our standards of living. 

It is interesting to reverse our consideration of 
the relationship between science and civilization 
anc to reflect upon the extent to which a higher 
civilization has served to raise the standards of 
science and engineering. 

The greatest change which civilization has 
brought about in the field of science has been the 
supplanting of individual effort by group effort as 
a result of which the individual worker has been 
able to apply the sum total of existing knowledge 
to his particular field of effort. With this transition 
came modern chemistry to prove the fallacy of 
alchemy, modern physics to end the blind search 
for that. maddening phantom—perpetual motion, 
and modern astronomy to draw a sharp line of 
demarcation between itself and astrology. When 


20: 





men learned to work in groups, rationalism crowded 
out superstition. 

While science was teaching civilization how to 
get larger returns from its efforts, it was learning 
an equally important lesson itself—the folly of at- 
tempting to get something for nothing. 

All the forces of Nature seem to be reciprocal in 
their actions and reactions. Our very existence is a 
matter of ‘‘give and take.’ The fundamental prem- 
ises of physics—conservation of matter and con- 
servation of energy—are based on reciprocal rela- 
tionships and if these beliefs are discarded, as now 
seems likely, they will in all probability be replaced 
by new doctrines, which in turn will be reciprocal 
in their functioning. 

Science and Engineering of the old school were 
individualistic, miserly, secretive and suspicious. 
Like a pool of water without an outlet, they became 
stagnant. 

Modern Science and Engineering are group inter- 
ests, Co-operative in their functioning and eager to 
disclose the results of their efforts. They may be 
likened to the spring of water that keeps fresh by 
giving away that which it receives. 

Engineering has contributed much to the advance- 
ment of civilization, but that great principle of 
reciprocity has been at work and Engineering has 
in turn benefitted greatly by the civilization in whose 
building it has played such a conspicuous part. 


Why Not Give the Plant 
a Vacation? 


PRE Western Electric Company has announced 

that its Hawthorne plant at Chicago will be 
closed for two weeks in July to permit its 35,000 
employees to take their vacations simultaneously. 

Public utilities and many industrial plants must 
maintain continuous service and obviously such a 
scheme is not universally applicable. But where 
conditions permit, there is much merit in the idea 
of a common vacation period and complete plant 
shut-down, except for house pumps, fire pumps and 
similar indispensable equipment. 

What an opportunity this plan will give the main- 
tenance gang—ample time to clean boilers; re-gasket 
leaky joints; inspect, repair and replace equipment; 
paint stacks and breechings, pack glands and take 
up bearings. 

Why not give the plant a vacation? A respite 
from routine will give the chief an opportunity to 
correct many conditions which have had to wait 
until he could ‘‘get a chance.” 
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Greatly Improved 


Serving Rhode 


Efficiency 


Follows Modernizing of Central Power Plant 
Island State 


Institutions 


By CHARLES E. BLAIS, Chief Mechanical Engineer, Rhode Island State Institutions, Howard, R. I. 


The centralization of steam and power produc- 
tion at the State Institutions, Howard, R. I., began 
in 1915 when several small plants were replaced 
by one central plant. In 1928 it was decided to 
modernize this plant and accordingly four of the 
horizontal return tubular, hand-fired units were 
replaced by two stoker-fired, water tube boilers. 
Extensive tests conducted on the old and new 
units indicate greatly improved operating results 
and substantial savings. 


NUMBER of years ago the State of Rhode 

Island embarked on a centralization program, 
the purpose of which was to eliminate all isolated 
power plants serving the State Institutions at How- 
ard, in favor of a large central power plant. The 
new central source of power, made available in 1915, 
resulted in the abandonment of the power house 
serving the State Hospital and also the plant serving 
the State Infirmary and Women’s Reformatory. 

The site chosen for the new plant was the logical 
location, due to its proximity to the New York, 
New Haven and Hartford Railroad, which would 
enable the State to advantageously purchase and 
store large quantities of coal. A large coal bunker, 
having an aggregate capacity of five thousand gross 
tons was provided for storage. A spur track laid 
immediately overhead and running the entire length 
of the bunker provided excellent facilities for han- 
dling at least six cars at one time. The large force 
formerly employed for trimming was unnecessary 
with the new system as it was simply a matter of 
opening up the car door and dropping the coal into 
the bunker below. 

In describing the central power plant, the writer 
lays no great stress on the power section, the reason 
being that this plant was designed primarily as a 
heating plant for heating, laundry and hot water 
service. The generation of steam was then of prime 
importance, the generation of electricity being sec- 
ondary; the current generated was purely a by- 
product of the steam generation plant, and the prime 
movers (high-speed reciprocating engines) were in- 
stalled as an integral part of the piping system, 
functioning as reducing valves. This arrangement 
was ideal, the cost of power being practically nil, 
as all of the exhaust was used up in the low pressure 
line. 
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The steam boiler plant consisted of eight hand- 
fired horizontal return tubular boilers, aggregating 
1400 boiler hp. Every precaution was taken to guaran- 
tee continuous service to the institutions. A duplicate 
system of piping-and pumps was provided for these 
units; a large closed water heater, condensate tank, 
oil separator and coal scale for weighing fuel com- 
pleted the installation. All in all, this plant was 
considered at the time a very good lay-out, in fact, 
one of the best of the institution power plants in 
New England. 3 

Several years ago, however, it was realized that 
this plant, installed in 1915, had become obsolete 
as a result of the tremendous advance in steam plant 
design which had occurred in the intervening years, 
and that much better efficiency could be obtained 
through modernization. Accordingly, it was de- 
cided to embark on another program, eliminating 
certain units constituting the old battery of boilers 
and replacing them with modern water tube boilers. 
Authorization was given to prepare plans and speci- 
fications for an installation of sufficient capacity to 
carry the present load. The specifications and plans 
called for two 500 hp. water tube boilers of the cross 
drum type, fully equipped with the usual acces- 
sories,-and including a special tube blower system 
especially designed for this particular lay-out, non- 
return valves, steam flow meters, flue gas tempera- 
ture recorders, steam temperature indicators, draft 
gages, feed water temperature recorders, and feed wa- 
ter meters of the indicating integrating and recording 
variety. The specifications also provided for a step 
compensating regulator, under-feed stokers, coal 
hoist, underground air duct, with provision made 
for future expansion of one hundred per cent, a twin 


set of centrifugal boiler feed pumps, a closed heater, . 


a twin grease extractor, a large blow-off tank of 
special design, and other accessories. 

The numerous items mentioned above constituted 
the major equipment required for the proposed new 
installation. The plans and specifications were form- 
ally approved by the State Public Welfare Commis- 
sion and the State Finance Commissioner, with au- 
thority to proceed and make installation as covered 
in the specifications. 


The Grinnell Company of Providence was the: 
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successful bidder for the job. No time was lost in 
making a quick start, following the granting of 
the contract. Four of the old horizontal return 
tubular units were quickly dismantled and excava- 
tion started for the foundations necessary to support 
the new units. The construction of this job in all 
its phases was very unique. For instance, approxi- 
mately two hundred and fifty yards of solid rock 
were blasted and removed in order to attain the 
proper depth for the boiler foundations. 

Due'to the limited amount of space available, an 
elevated platform was provided for the forced draft 
blowers. Outside air ducts carrying combustion air 
from the fans to the boilers were constructed in 
connection with an elaborate underground system of 
air-ducts. 





View showing method of supporting closed feed water heater 
and condensate tank; also partial view of pump room. 


An abandoned tunnel located beneath the general 
store building was utilized for the new. pump room. 
The heater and the condensate tanks were elevated 
and supported on steel beams, as illustrated on this 
page. The installation when finished had every ap- 
pearance of being a marine lay-out. 


Personnel 


Under the old operating system, the boilers were 
operated by a mixed crew, part convict and part 
paid labor. Under the new system, the automatic 
arrangement of stokers, boilers and pumps elimi- 
nates the possibility of inefficient operation, due to 
the uncertainty resulting from frequent changes in 
the personnel of the operating crew. A supervisor 
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in charge of a crew of convicts operates the day 
shift. The middle shift and the last shift are oper- 
ated by a water tender and a fireman. The entire 
Operating crew employed for operating these units 
during the heating season, exclusive of the convicts 
required for trucking the coal from the coal bunkers 
to the boiler house, constitutes seven men. 

Considering the size of this plant and the amount 
of service rendered, it is felt that the efficiency 
maintained with such a small operating crew places 
this station on a par with the best plants in N 
England. 


Evaporative Boiler Tests 


The evaporative .test conducted at the central 
power plant, December 21 and 22, 1928, brought to 
light many interesting features, pertaining to the 
general operation of the old boilers and principally 
the ultimate coal cost of producing a thousand 
pounds of steam from and at 212 deg. fahr. This 
test was absolutely necessary in order that we might 
have some method or way of comparing the effi- 
ciency of our new boilers with the old installation. 


ABSTRACT OF TEST DATA 


Tests of boilers Nos. 1, 2, 3, 4, 5 and 9 to determine the cost of coal 
required to evaporate 1000 lb. of water from and at 212 deg. fahr. 


TYPES AND DIMENSIONS Old Units New Unit 
1. Number and kind of 
MOMEOID. 57.6 cky ik oo eke 








Nos. 1, 2, 3, and 4 Wicks|No. 5 Heine Cross 
H. R. T. No. 9 Inter-|Drum Boiler, with 


national H. R. T. Foster Convection 
2. Kind of furnace........ Hand fired with flat/Type yp srege 
ates Type E Stoker 


3. Effective grate surface.. Nos. 1, 2, 3 and 4 boilers|93.75 sq. ft. (10 
—42 sq. ft. each, No. 9/ft. 5 in. by 9 ft. 
—45.5 sq. ft., total of 5/0 in.) 


units—213.5 sq. ft. 


4. Effective water heating 
SEE. sss ees coen nee Nos. 1, 2, 3 and 4 boilers|5000 sq. ft. 
—2000 sq. ft. each, No. 
9—2550 sq. ft., total of 
5 units—10,550, sq. ft. 
5. Effective superheating 
912 sq. tt. 
6. Ratio of water heating 
surface to grate surface. 


DATE, DURATION, ETC. 


Nos. 1, 2, 3 and 4 boilers|53.33:1 
47.61:1. No. 9 56.04:1 


Dec. 21 & 22, 1928 
Forty-eight hours 
CAPACITY AND ECONOMY 
9. Percentage of rated. ca- 
acity developed....... 
10. Equivalent evaporation 
F. & A. 212 deg. fahr. 
t lb. of coal as fired... 
11. Equivalent evaporation 
F. & A. 212 deg. fahr. 
t lb. of dry coal..... 
EFFICIENCY 
12. Calorific value of 1 lb. 
of dry coal by analysis. . 
13. Efficiency of boilers, su- 
perheater, furnaces and 


June 5 & 6, 1929 
Forty-eight hours 


125.11 per cent 119.43 per cent 


9.518 lb. 11.803 lb. 


9.972 lb. 12.06 Ib. 


15,082 B.t.u. 14,930 B.t.u. 


64.16 per cent 78.38 per cent 
14. Cost of coal per ton of 2240 lb. de- 
livered in boiler house bunker......... 
15. Cost of coal as fired required for evap- 
orating 1000 lb. of water F. and A. 212 
RSE es ee reer 


$5.82 





$0 .2205 





Readings were taken every fifteen minutes for forty- 
eight consecutive hours, wherever possible, in order 
that probable errors due to miscalculation or false 
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averages might be eliminated. The weighing equip- 
ment and Venturi Water Meter were checked before 
the test for accuracy, gage glasses calibrated, blow- 
off valves sealed tight. In taking the above pre- 
cautions, we were absolutely sure that our final 
figures would be as near one hundred per cent ac- 
curate as possible. It was very gratifying to note 
the improvement in our boiler efficiency, due greatly 
to better firing methods, higher morale and to im- 
proved conditions resulting from the installation of 
the new condensate tank and heater connections, 
tending to give us an increased average feed water 
temperature and more uniform conditions. 

The evaporative test conducted on June 5 and 6, 
1929 was made on the No. 5 Boiler, in order that we 
might compare the operating efficiency of the new 
equipment with the old. The results of this test 
proved the new installation to be very efficient and 
as a matter of fact, greatly exceeded our expecta- 
tions regarding the relative merits of these new units. 
Every precaution was taken on this test to insure 
accurate readings and the final results compiled from 
the test data give an excellent comparison. 

In comparing the data compiled on both tests, it 
is only fair to state that on the old boilers, the re- 
sults attained were achieved by organizing the firing 
crew and establishing standards which were very 
rigidly supervised. For a hand-fired installation, the 
efficiency attained on the first test is considered by 
the writer as a remarkable showing, due to the fact 











that our old firing crew was a mixed one, part con- 
vict and part paid labor. This fact is mentioned in 
order to give the new installation full credit in 
comparing both tests because the relatively high 





New Boiler units in course of erection. 


efficiency attained in the first test could not be con- 
sidered a positive normal running average. 


Summary 
In analyzing the accompanying data it would be 
well for the reader to consider certain factors gov- 
erning some of these items. 
(Continued to page 41) 





View of plant with new units completely installed. 
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By GEORGE H. ASHLEY, State Geologist, State of Pennsylvania 


HE kaleidoscopic changes of recent years have 

led to widespread inquiry as to the present 
status and future outlook of coal in its relation to 
other sources of heat and power. The over-produc- 
tion and increasing use of oil for heat and power, 
the piping of natural gas to Denver, Omaha, and 
points East, the continued planning and building 
of huge hydroelectric plants, have obviously greatly 
modified the coal situation; but just how, to what 
extent, and their bearing on the future are matters 
not Clearly seen by the average man today. 

Up to about one hundred years ago wood and 
water, animal and human labor, were our principal 
sources of power and heat. During the past century 
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coal came to be the outstanding source of both heat 
and power. Seventy years ago oil entered the arena. 
At first it served mainly for lighting and chemical 
products. About fifty years ago natural gas came 
into large commercial use. Water power made little 
gain until the last quarter of the century. 

During the past century the production and use 
of coal increased in a geometric ratio, on. the aver- 
age doubling each ten years. That rate of increase 
began to slacken toward the end of the last century, 
and after 1910 became very irregular, with some 
gain up to 1918, after which production fell off 
materially. In 1928 production was down to 569 
million tons from a maximum of 678 million tons. 

June 
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in 1918. Petroleum and natural gas in the eastern 
States likewise rose during the last century, and 
then, as supplies became exhausted, production fell 
off. But meanwhile oil and natural gas had been 
. discovered west of the Mississippi in vast quanti- 
ties, also in Mexico, and more recently in South 
America. Production mounted until recently we 
had reached an output of almost three million 
barrels a day in the United States alone. 

With the beginning of the present century water 
power, the use of which had been increasing very 
slowly, donned seven league boots and moved for- 
ward rapidly, increasing from 5,356,680 hp. in 1909 
tO 12,300,000 hp. in 1927. 
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Is Coal still King? Is its reign being jeopardized 
by other fuels which seek to usurp its dominance? 
Just what is the present situation and how do the 
various sources of energy compare with respect to 
—the immediate future—the distant future? Dr. 
Ashley as State Geologist of Pennsylvania, which 
produces more coal than any other state in the 
Union, is eminently qualified to discuss these 
vitally important questions. He not only dis- 
cusses them but he makes definite predictions, as 
to present and future trends. This article pre- 
sents an up-to-date analysis of the fuel situation 
from an unquestioned authority. 


At the present time, using figures for 1927, the 
situation is about as follows, expressed as energy 
or heat units: Coal today supplies over three-fifths 
of the energy of the United States, domestic oil a 
little over one-fifth, natural gas and water power 
each about one-fifteenth. Since these figures were 
gathered there has been a slight decline in coal and 
a slight gain in the use of oil and gas, but not sufh- 
cient to change this general ratio. 

Interest doubtless centers on the future. The 
future holds two aspects—the immediate future and 
the distant future. Space will not permit a detailed 
study of the many and changing factors involved, 
such as declining immigration, mechanization of 
coal mines, doubling the efficiency of the use of 
coal, restraining agreements in the oil industry, 
and scores of others equally important. In what 
follows, all of these have been fully considered. 

Consider first the immediate future. The produc- 
tion of oil in the Eastern States, which has been on 


‘the decline for many years, is apt to hold steady 


for the next score years, due to new methods of 
recovering oil formerly left in the rock, and then 
decline again. Natural gas production in the East 
has held up for the past few years due to improved 
care of wells. It seems bound to decline steadily in 
the future. More efficient use has helped to con- 
serve the supply and to meet a broader market than 
existed just previously. 

In the West both oil and gas supplies appear to 
be ample to meet increasing markets for several 
years, certainly for ten years, perhaps more. Then 
they too will follow the way of the Eastern fields. 
Importations from South America, already a con- 
siderable factor in the problem, are steadily increas- 
ing and may postpone the beginning of the decline 
in the West. 

Water power will hold its own and probably 
increase to double its present output in the next 
twenty or thirty years, especially as an auxiliary 
to power from coal. 

Coal meanwhile faces lean years. The writer, 
after a careful analysis of all of the facts, has pre- 
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dicted a steady decline in the use of coal for at least 
the next ten years, due to increasing efficiency in 
its use and growing competition from other sources 
of energy. : . 

Then the picture will begin to change—sometime 
between ten and twenty years from now. By that 
time most of the larger and more easily developed 
water powers in the East will have been put to work, 


and the undeveloped pow- 








pletely meet the advantages now possessed by the 
oil burner and at a much lower cost. The develop- 
ment of the gas furnace—now in the offing—will 
create a new market for coal. 

In this struggle to maintain markets, anthracite 
has some advantages and some disadvantages over 
bituminous coal. It is already smokeless. But its 
field is strictly limited. It must continually be dug 
at greater depths, from thin- 





ers will be mainly in the 
far West. Oil and gas pro- 
duction probably will have 
passed their crest and will 
have started a slow, steady 
decline with rapidly 
mounting prices for gaso- 
line. That should open up 
the mining of the oil shales 
of the West and possibly 
lead to production of oil 
from coal, as in Germany 
today. 

With the steadily mount- 
ing demand for power, (at 
present 15 per cent a year 
for gasoline) there will 
come a shift back to coal, 
and coal may again look 
forward to increasing mar- 
kets and a prosperous 
industry. 

Two questions naturally 
present themselves. What 
will the coal industry do 
in the face of declining 
markets, and how well can 
thecoal reserves meet future 
growing markets? 


to coal. 


production. 
q 


for a long time. 





Dr. Ashley says: 


qd Coal today supplies over three-fifths of 

the energy of the United States, domestic 
oil a little over one-fifth, natural gas and 
water power about one-fifteenth each. 


q There will be a steady decline in the use 
of coal for at least the next ten years. 


qd The picture will begin to change some- 
time between ten and twenty years from 
now when there will come a shift back 


qd To meet the threat of declining markets, 
the coal industry will do two things: re- 
duce the cost of coal by increased mech- 
anization and other efficiencies, and revo- 
lutionize the use of coal so as to more 
and more meet the demand for automatic, 
smokeless and dustless comfort in house 
heating and automatic handling in power 


On the basis of the survival of the fittest, 
Coal is still King in the world of power 
and gives promise of continuing to be 


ner beds, with ever increas- 
ing physical difficulties to 
be overcome. It is also 
carrying a very heavy finan- 
cial over-burden in the form 
of high royalties, high land 
values and taxes which 
today are all out of pro- 
portion to the actual situa- 
tion—a legacy of the days 
when an anthracite mine 
was thought to be a gold 
mine. The bituminous 
fields still contain great 
quantities of thick, level- 
lying, cheaply minable 
coal. They are faced how- 
ever, with a growing 
demand that their coal be 
made smokeless before it 
is used, requiring some form 
of treatment that in the 
end will give a better grade 
of coal but, unless profit- 
able uses can be found for 
the vast quantity of by- 
products that would result 
from such treatment on a 
large scale, the cost will 








Let no one imagine the 
coal industry is going to sit supinely by and watch’ 
its markets fade away. The coal industry has as 
good brains as any other. Remember that most of 
the steel and power companies are also miners of 
coal, as are Henry Ford and other industrial leaders. 
To meet the threat of declining markets the coal 
industry will do two things: reduce the cost of coal 
by increased mechanization of mines and other effi- 
ciencies, and revolutionize the use of coal so as to 
more and more meet the demand for automatic, 
smokeless and dustless comfort in house heating, 
and automatic handling in power production. The 
coal industry is awake to the fact that in order to 
sell coal it must meet: today’s demand for service 
at a cost below that of other fuels. The chemical 
treatment of coal to render it dustless is coming on 
apace. The coal men are spending money freely in 
developing automatic feeding and control equipment, 
and dustless, automatic, ash removal. At present, 
such equipment is too expensive to meet the needs 
of the average household. In the end it may com- 
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be higher. 

There are three proposals now impending which 
may materially affect the problem—one favorably, 
two unfavorably, for the coal producer. Plans are 
completing for piping natural gas from the south- 
western field, as far as Minneapolis, Chicago and 
way stations, with many side branches. This will 
replace a large amount of central and eastern coals. 
On the other hand, recent inventions convert nearly 
the whole of crude oil into gasoline. As these 
processes come into use, fuel oil—now a by-product, 
will go, and its place be taken by coal or gas made 
from coal. Third, extensive electrification of the 
railroads is starting. If this cuts the coal needed 
by two-thirds, or even one-half, it will greatly 
reduce the market for coal. 

As to the future supply of coal in this country— 
over one-half of the coal of the world, amounting 
to nearly four trillion tons, is in the United States. 
Canada comes next with about one-sixth of the 
whole. Unfortunately a large part of the coal in 
the United States is of very low rank containing 
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Production of anthracite bituminous coal, and all coal, 


1890-1927. 
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from one-fifth to two-fifths moisture which does 
not burn and detracts greatly from the value of the 
coal. On the other hand, this low rank coal seems 
likely to prove very suitable for the future produc- 
tion of oil, and may, because of this quality and 
changing use of fuels, acquire a high future value. 

It may be safely estimated that with the increas- 
ing efficiency in the use of coal, which will doubtless 
continue and may ultimately double several times 
over, there should be enough bituminous coal to 
last at least 300 years; enough anthracite to last 
Ioo years or more; and enough coals below the rank 
of bituminous to last 1000 years. These figures have 
absolutely no value except to show that there is 


coalfenough for ourselves and our children’s children 
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The largest coal pile in the world; half a million tons on the long dock at Duluth 


for several generations. For the discoveries and 
improvements made in the use of coal in the past 
warn us that no man can predict the situation 100 
years from now, much less tooo years hence. 

Doubling the price of coal during the War set 
our experts to work and led to doubling the efficiency 
of our use of coal in large power plants. The mercury 
engine suggests that a single invention may some 
day double the power obtained from coal at one 
stroke. The conversion of coal into gas and its use 
in internal combustion engines goes a long way 
toward doing that very thing. 

Finally, on the basis of the survival of the fittest— 
Coal is still King in the world of power, and gives 
promise of continuing to be for a long time. 












Combustion Characteristics 






of Gaseous Fuels” 


By FRED M. REITER 


Dayton Power and Light Company 


A comprehensive treatise on natural gas 


SHORT time ago a 

plantmoved from Day- 
ton, supplied with natural 
gas, toa city in which manu- 
factured gas was available. 
Their equipment included a 
number of vertical high speed 
heat treating furnaces oper- 
ating at 2350deg.fahr. When 
set up in the latter city, these furnaces operated excel- 
lently at heavy loads, giving quick heating and good 
economy of heat; but when turned down to hold 
temperature, they persisted in backfiring into the 
manifold with a pop. This had never occurred in 
Dayton, and the operators were at a loss. 

Some time before this, a local concern purchased a 
very large furnace from a firm located in a manufac- 
tured gas district. Although equipped with the 
latest type of burners, proportional mixing devices, 
automatic controls, etc., it was impossible to burn 
the proper amount of natural gas, with high mani- 
fold pressures, until the tunnels or tuyéres and the 
burner openings were properly proportioned. They 
would blow out. 


burner design was published in the March, 
1930, issue of COMBUSTION. The present 
article discusses the combustion characteristics 
of various gaseous fuels with particular refer- 
ence to their effect on burner design. Because 
of the great variation in these characteristics, it 
is important that they be given careful consid- 
eration in selecting the type of. burner for any 
given application. 


F The causes of such varia- 
tion in the operation of fur- 
naces in different localities 
are due to the combustion 
properties of the gases avail- 
able at these points of con- 
sumption. 

Commercial gas fuels, 
whether distributed to cities 
or generated within large steel or other establishments, 
are aggregates or mixtures of certain fundamental 
gases in varying percentages. These commercial fuels 
may include natural, coke oven, water, oil, producer, 
blast furnace, acetylene and other gases. The general 
composition of the most common of these is tabulated 
in Table 1. 

The properties of a fuel gas depend upon the char- 
acteristics of its constituent gases, and the preponder- 
ance of certain of these. Natural gas is composed 
mostly of methane, CH,, with varying amounts of 
ethane, C,H,. Natural gas used in Dayton has little 
ethane and over go per cent methane. Manufactured 
gases contain from 30 per cent to 50 per cent hydrogen. 
Water, producer and blast furnace gases include large 


TABLE I 











Composition of Commercial Fuel Gases 


Bt.u. per Vol. Air 
Composition: Per Cent Cu. re. per Vol. 
Gas Made From co co! CH? C!H? = CIH8 HI o! N} Gas Gas 
on TEARS EE PE EET oe tyes -.. Vi eae ae 2.§ 8600: 9.5 
Coal Bituminous Coal 15.5 210° 30.5 aS 3.0 40 ‘2.0 2.5 600 5.7 
Coke Oven Bituminous Coal 5-5 2.0 34.5 Se SS er 2.5 550 5-3 
Water Gas: 
Blue Coke 45.0 4.5 2.0 eee gape ot 5.0. Jae. a5 
Carburetted Coke-Oil $00. 355 SO) SR 5S 4S 2 2.5 580 5.2 
Producer Gas: 
Anthracite Anthracite ee 2.5 2.5 is 68.5 117 1.0 
Bituminous Bituminous 25.0 6.0 SO aoa Tas. ee ae eae 130 1.8 
Oil Oil 35.0 CS: 20.0... 294. 2.0 1.0 OF S88 450 4.2 
Blast Furnace Coke 25.0 13.0 Le er 4.0: Oe. 970 100 1.0 
Oil Gas Oil 0.5 r; Fn RR, EE Pata. Ss, Beene $00 Ge Ge 
Acetylene Carbide 95% acetylene (C;H.) 1.0 4.0 1,470 12.5 
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percentages of carbon monoxide. The important com- 
bustion characteristics of the constituent gases are 
found in Table 2. By ‘‘velocity of flame’’ is meant 
the rate at which combustion will travel through a 
mixture of the gas with the proper amount of air at 
normal temperatures. The ‘‘kindling temperature’’ 
is the temperature at which the gas mixed with the 
proper amount of air will ignite or burn. The ‘‘in- 
flammability limits’’ represent the range of mixture 
of the gas with air that will burn. The ‘volumes 
of inert gases per volume of combustible gas’’ are 
those that will prevent the mixture from burning. 


Effects of Properties of Gases 


A study of these properties of fuel gases will readily 
explain their effects upon their application to burners 
and furnaces. The combustion characteristics given 
are based upon definite experimental conditions. 
They would have different values under other condi- 
tions. At increased temperatures the flame velocities 
would be very much higher, as is found in furnaces 
that are up to temperature compared to starting up 
cold. However, the various gases would be affected 
similarly so that the figures given would be relative 
under most conditions. 

The maximum flame velocity occurs when the gas 
is mixed with approximately the theoretically cor- 
rect amount of air required for perfect combustion, or 
perhaps very slightly oxidizing. The chart (Fig. 1) 
gives the rate of flame propagation of the most com- 
mon gases with varying amounts of air. The maxi- 
mum velocities, the topmost points of the curves, 
occur at close to the requisite amount of air for 
perfect combustion. . 

Those who have had the experience of adjusting 
burners for best operation can attest to these findings, 
for a good, sharp flame is obtained at the proper mix- 
ture, which lengthens out or goes out entirely when 
the mixture is varied either way. A slight excess 
of air may give too short a flame. 

The lower the percentage of combustible gas in an 
inflammable mixture, the greater the percentage of 
excess oxygen required to propagate the flame. This 
may be encountered with producer and blast furnace 
gases or where recirculation of the products of com- 
bustion occurs. For example, for carbon monoxide, 
as the. presence of carbon dioxide in the mixture 
increases, or the precentage of CO becomes less, the 
proportion of oxygen necessary for continuing the 
flame must be increased. At 16.5 per cent CO with 
40.3 per cent CO,, 8.3 per cent of oxygen must be 
present. From 13.3 per cent CO, the oxygen required 
is 18.1 per cent. This accounts for a seeming incom- 
patability between the lower inflammability limits 
and the calculation of oxygen present for the volumes 
of inerts that will extinguish the flames. This calcu- 
lation seems to indicate sufficient oxygen in the mix- 
ture to chemically burn the combustible gas, but the 
excess of oxygen required for the lower limits is not 
available, and the combustion is not sustained. 
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To visualize the action of a gas burner, we can 
imagine a long glass tube containing a mixture of 
methane and air in correct proportions. If we light 
it at one end the flame will travel toward the other 
end at a rate of 2.3 ft. per second, assuming certain 
conditions without violent explosion. Were we to 
open a valve at the end of the tube and permit the 
flow of the mixture through the tube at the rate of 
2.3 ft. per second and light it, the flame would hover 
stationary at the point of ignition, due to the fact 
that the velocity of the mixture flowing through 
the tube just equals the speed of the flame tending to 
travel back toward the inlet. If the mixture flow 
were increased to say 3.3 feet per second, the flame 


SPEED OF FLAME — CM. PER SEC. 





PERCENT OF INFLAMMABLE GAS IN MIXTURE 


Fig. 1—Rate of Flame Propagation of the most common 
gases with varying amounts of air. 


would travel along the tube in the direction of flow 
at-the rate of 1 foot per second, the difference be- 
tween the speed of the gas mixture and the flame. 
In other words, it would blow out. 

Similarly, if the flow were dimished to 1.0 foot 
per second, the flame would travel back into the 
supply pipe at the speed of 1.3 feet per second. In 
plain language, it would flash back into the burner. 
Such a burner would be unstable, and with the im- 
possibility of maintaining a precisely constant flow 
in practice, it would be worthless. 

If we now place a restriction or orifice in the tube 
of one-half the area of the tube, the velocity of the 
mixture through the orifice would be doubled. For 
a normal flow of 2.3 feet per second in the tube (4.6 
feet per second through the orifice), the flame would 
‘blow away”’ from the orifice until the expansion 
of the cone from the orifice reached the full area of 
thé tube with a restored velocity of 2.3 feet per 
second, at which point the flame would hold. Under 
such conditions we would be enabled to turn down 
the mixture to one-half the flow and maintain the 
flame. This orifice, called a ““burner nozzle,’’ per- 
mits a turn-down of 50 per cent without *‘flash-back."’ 

Unless the length of the tube were maintained 
after the ‘‘nozzle’’ until the flow was restored to 
normal, the flame would blow out, for, after mixing 
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with the atmosphere beyond the nozzle, dilution 
would render the new mixture non-inflammable. 
Hence, in practice, tuyere blocks or tunnels are 
placed after the burner nozzle designed for proper 
length and diameter to reduce the velocity and con- 
fine the mixture to its proper composition. These 
tuyeres also serve to reduce the velocity of the out- 
side skin of the jet by friction as well as to produce 
a turbulence, which assist, in the ignition of the 
mixture. As these tuyere blocks become incandes- 
cent or hot, they heat the mixture and increase the 
flame speed characteristics of the gas so that quick 
ignition occurs. 


Substituting Hydrogen for Methane 


If we substitute hydrogen for methane in the tube 
described where a flow of 2.3 feet per second is main- 
tained, lighting would cause the flame to travel 
back into the inlet at 13.7 feet per second. The mix- 
ture flow would have to be increased to 16 feet per 
second to hold the flame at a given point. In order 
to prevent flash back into the same tube, an orifice 
of about 14 per cent of the area of the tube would 
be required so that a velocity in excess of 16 feet 
per second would be maintained. No turn-down 
would be available. Hence the presence of hydrogen 
in a gas mixture greatly increases its flame velocity 
in quicker ignition and better sustenance of com- 
bustion at higher mixture pressures and greater flows. 

Returning to our original two furnaces that were 
shifted into districts having different types of gases 
available than those for which they were designed, 
the principles discussed show the reasons for their 
temporary failure. Dayton is supplied with a gas 
consisting almost entirely of methane with practi- 
cally no hydrogen, so that a very low combustion 
velocity results. Manufactured gas, however, with 
a high hydrogen content, has a comparatively high 
flame speed. The furnace moved from Dayton, with 
burners designed for low velocity gases, when fired 
with manufactured gas, needed but a reduction in 
burner port area to produce a more rapid mixture 
flow for the same heat input into the furnace. 

The second furnace, moved into Dayton, needed a 





reduction in gas mixture velocity or longer tunnels 
or tuyeres with proper flare to encase the conical 
jet emerging from the burner nozzle. Since a reduc- 
tion in mixture flow would lower the mixture pres- 
sure and possible turn-down, a change in the tuyeres 
was more advisable. This change gave perfect op- 
eration of the furnace with ample range in capacity. 
It could be turned on full when cold, with perfect 
ignition. 

The examples have been given merely to illustrate 
the great variation in the combustion characteristics 
of gases. The flame velocities given in the tables or 
curves cannot be used for the actual design of burn- 
ets since so many variables are involved. The gen- 
eral effects of some of these agencies are as follows: 


1. Turbulence: The rapidity of ignition increases with 
the turbulence of the flow of the gas mixture. 
Actually, the turbulence of the mixture probably 
decreases the linear velocity of the gases, par- 
ticularly of the central core of the stream, per- 
mitting the flame to hold more readily. The 
character of the burner flame will show this tur- 
bulence in the flare or size of the flame. This 
principle is used frequently in furnace design, 
especially with fuel oil and pulverized coal, in 
the use of flame breakers or spreaders. 


2. Temperature: The flame velocity increases rapidly 


with the increase in temperature of the fuel mix- 
ture. Gas burners that have a tendency to blow 
out when cold operate smoothly when the fur- 
nace is hot. They may even flash back if the 
burner gets hot. In the ignition of fuel oil, aux- 
iliary heat in the form of gas pilots, oily rags, 
wood, etc., are used until the burner area be- 
comes heated. 


3. Diluents: The presence of other gases affect the 


combustion of gas mixtures. It is claimed that 

the presence of a small amount of water vapor 

enhances, while inerts, such as nitrogen and car- 

bon dioxide, reduce the flame speed. Steam atom- 

ization of fuel oil in large steel mill furnaces 

seems to have this advantage. The addition of 
( Continued to page 46 ) 


TABLE 2 











Combustion Characteristics of Gases 


Kindling Velocity! 

_ temperature, of flame, 

Gas Symbol deg. fahr. ft. per sec. 
Hydrogen H, 1,130 16,1 
Carbon monoxide CO 925 3.9 
Methane CH, 1,202 2.3 
Ethane C;H, 1,000 ae 
Ethylene C.H, 1,022 5-2 
Acetylene C,H; goo 9.2 


inflammability limits? 


Volumes of inert gases* 
mixed with air. 


that will extinguish 


of fl ’ l. 

Rg gash _ iNlengen eer €0, 
4% 74% 16.55 10.20 
12 73 4.12 2.16 
5 14 6.00 3.20 
3 12.5 

3 34 

2.5 80 





1 ‘Fuel in Science & Practice,’’ Payman & Wheeler. 
2 Bureau of Mines, Bulletin 297. 
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Thermal Changes in Water and Steam 


By WM. L. DE BAUFRE, International Combustion Engineering Corporation, New York 


In this fifth article in the series by Mr. De- 
Baufre, the methods of calculating thermal 
changes in water and steam are described with 
reference to the heating of water, the generation. 
of steam and the expansion of steam where flow 
of the fluid is not involved. In discussing the 
method of determining the heat added to water 
between two temperatures, the author points out 
that the customery practice of subtracting the to- 
tal heats as given in tables of thermal properties 
of water is sufficiently accurate for most practical 
purposes, although it is theoretically incorrect. 
In the generation of steam it is theoretically cor- 
rect to subtract the total heats to get the heat 
added, but in the expansion of steam, it is not only 
theoretically incorrect, but practically not suffi- 
ciently accurate. The correct methods of cal- 
culating the heat added during expansion and 
during constant volume changes are presented 
herein. 


HANGES in temperature and in volume of water 

and of steam are accompanied by other thermal 
changes, the magnitudes of which may be calculated 
by means of tables of the thermal properties of this 
substance, such as those prepared by J. H. Keenan 
and recently published by the American Society of 
Mechanical Engineers. The methods of calculating 
such thermal changes will be explained in the present 
article for the heating of water, for the generation 
of steam and for the expansion of steam where flow 
of the fluid is not involved. Thermal changes in 
fluids during flow will be treated in another article. 


The Heating of Water 


For many engineering calculations, it is sufficiently 
accurate to take the specific heat of water as unity, 
particularly if the temperatures involved are less 
than the boiling point under atmospheric pressure, 
212 fahr. Above the boiling point, however, the 
specific heat increases rapidly with the temperature 
as shown by Fig. 1, becoming 5 per cent greater 
than at atmospheric temperatures around 350 fahr. 
and 50 per cent greater around 600 fahr. For ac- 
curate scientific calculations at room temperatures 
and for reasonably accurate engineering calculations 
at higher temperatures, it is therefore necessary to 
take into account the variation of the specific heat 
of water with the temperature. 

Instead of utilizing the specific heat to get the 
heat added to water, it is customary to subtract the 
“total heats’’ at the initial and final temperatures 
given in tables of the thermal properties of water. 
* All rights reserved by the author. 
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As explained in a previous article, ‘‘total heat’’ is 
defined by the mathematical expression 
h=u—u.+A pv 

where u, is the internal energy at some reference 
temperature, u is the internal energy at the tem- 
perature in question, p is the pressure to which the 
fluid is subjected, v is the volume of the fluid and 
A is the reciprocal of the mechanical equivaleat of 
heat if the total heat h is given in heat units. Sub- 
tracting the total heats at the initial and final tem- 
peratures, we have 

‘4h=h,;—h,=u;—u,+Ap:; v:—A piv: 
Now, from the first law of thermodynamics given 
in a previous article, the heat actually added be- 
tween the initial and final temperatures is 


Ve 
aq=ur—uta J. Pp dv 


It is evident that the heat added aq is equal to the 
difference ah of the ‘‘total heats’’ only in the case 
where the pressure p during the heating is constant 
so that p=pi=p:. 

In tables of the thermal properties of water, the 
total heat given at each temperature corresponds to 
a pressure on the water equal to that of saturated 
steam at the temperature in question. The pressures 
are not the same at different temperatures. Accord- 
ingly, there is an error in substracting the total 
heats to get the heat added between any two tem- 
peratures. The error is so small, however, that it 
is generally negligible, as will be shown by the two 
following examples. 

Consider the heating of water from 60 to 200 fahr. 
From Keenan's Steam Tables, we have 
Total heat at 60-fahr., 

heo=28.05 B.t.u. per Ib. 

=(Use—s.) +A Poo Veo 
Pso=0.2561 X144=36.9 lb. per sq. ft. 
Veo=0.01603 cu. ft. per Ib. 

36.9 X0.01603 


778.6 
Total heat at 200 fahr., 


h:oo= 167.94 B.t.u. per lb: 
=(Usoo—Uss) +A Poo Vaoo 
Proo=II.§25 X144 = 1660 Ib. per sq. ft. 
V200=0.01663 cu. ft. per Ib. 
1660 X0.01663 
778.6 
Subtracting the two total heats, we have 
hs oo—heo = (Us 0e—U ss) +0.03 55 B.t..—Cse—t as) — 
0.00076 B.t.u. 
= (Us0e—Use) +0.03.47 B.t.u. 





A Poo Veo= =0.00076 B.t.u. per Ib. 





A Pr00Va00= =0.0355 B.t.u. per lb. 
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The heat added between 60 and 200 fahr. is actually 


equal to 
4q = =(Ur00— w)tA Sp dv 


= (Us 00— Uso) +A Pm Cvs00— Veo) 
where p,, is the mean pressure between 60 and 200 
fahr. If p, is constant and equal to the standard 
atmospheric pressure of 14.696 lb. per sq. in., then 
Pm = 144 X14.696 =2116 Ib. per sq. ft. and 
2116 (0.01663—0.01603 ) 
A Pm CV200 Veo = 778. 6 
=0.0016 B.t.u. per lb. 
Thus, the error in substracting the ‘‘total heats’’ is 
0.0347—0.0016 =0.033 B.t.u. per lb. The actual 
error is very slightly greater than this due to the 
volume of water under atmospheric pressure being 
somewhat less than under its saturation pressure at 
60 fahr. Also, there may be a very small difference 
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Fig. 1—Specific heat of water calculated from total heats given 
in Keenan’s Steam Tables. 


in the internal energy of water at 60 fahr. under 
saturation pressure and the internal energy under 
atmospheric pressure. The difference in the ‘‘total 
heats’’ at 60 and 200 fahr. is 167.94—28.05 = 139.89 
B.t.u. per lb. The error in the external work thus 
amounts only to about 0.033 /139.87 =0.025 per cent, 
which is within the experimental error of measure- 
ment of the thermal properties of water. At low 
temperatures and pressures, therefore, no attention 
need be paid to the pressure-volume relation in cal- 
culating the heat added to or abstracted from water 
to change its temperature. 

At high pressures and temperatures, the error may 
amount to about one per cent of the heat added. 
Thus, let water be heated from 200 to 600 fahr. 
under the saturation pressure corresponding to the 
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latter temperature, namely, 1544.6 lb. per sq. in 
absolute. Then, 
Total heat at 600 fahr., 
600 = 623.2 B.t.u. per lb. 
=(Usoo—U ss +A Psoo Veoo 
Psoo=1544.6 X 144 =222,422 Ib. per sq. ft. 
Vs00=0.0241 cu. ft. per Ib. 


222,422 XO.0241 _ 
+78.6 = 6.88 B.t.u. per Ib. 


Subtracting the total heats at 200 and 600 fahr., we 
have 
heoo —hoo=(MUsoo —U ss) 
—o.03§§ B.t.u. 
= (Us 00—Us2 00) +6. 84 B.t.u. 

The heat actually added’ between 200 and 600 fahr. is 

Ag =(Uso0 —Ur00) +A Pm Cv 600—V200) 
in which p,=1544.6X144=222,422 lb. per sq. ft. 
222,422 (0.0241—0.0166) 

778.6 

=2.14 B.t.u. per lb. 

The error in subtracting the ‘‘total heats’’ is 6.84— 
2.14 4.70 B.t.u. per lb. As compared with the 
difference in the ‘‘total heats’’ of 623.2—167.94= 
455.3 B.t.u. per Ib., the error is 4.70/455.3 =1.03 
per cent. 

The significance of the above error may be ex- 
plained by the aid of the pressure-volume diagram 
of Fig. 2. The difference of the ‘‘total heats’’ in- 
volves the difference in the two rectangles 4270 and 
5160. The external work during heating from 200 
to 600 fahr. is represented by the area 3276. The 
point 3 has been taken to represent the same volume 
as point 1, no correction having been applied for 
compressibility of the water because this amounts 
to about 0.4 per cent only under 1544.6 lb. per sq. 
in. pressure. The error in taking the difference of 
the ‘‘total heats’’ as the heat actually added is rep- 
resented by the area 4315. This corresponds ap- 
proximately to the work done by the feed pump in 
forcing the water into the heater against 1544.6 lb. 
per sq. in. absolute pressure, the original pressure 
on the water being atmospheric. 

The temperature-entropy diagram for heating 
water from 200 to 600 fahr. is shown in Fig. 3. The 
entropy values were taken from Keenan’s Steam 
Tables, which means that the area under curve 12 
represents the heat added to water while under the 
varying pressure of saturated steam corresponding 
at each point to the temperature of the water as it 
changes from 200 to 600 fahr. The heat added under 
these conditions is less than that added under the 
constant pressure of saturated steam corresponding 
to 600 fahr. by the difference between the areas 
3276 and 1276 of Fig. 2. The latter area is approxi- 
mately given by 
1660+222,422 0.0241—0.0166 

2 - 778.6 
The error is therefore 2.14—1.08 = 1.06 B.t.u. per Ib., 
whichisless than one-quarter of one per cent and is too 
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=1.08 B.t.u. per lb 
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small to show on the temperature entropy diagram. 

It will also be noticed that the values of Apv are 
small, particularly at low temperatures, relative to 
the values of the total heat h. Hence differences in 
total heats may be taken approximately as changes 
in the internal energy of water between the tempera- 
tures under consideration. 


The Generation of Steam 


Let us consider the case in which feed water at 
200 fahr. is forced into a boiler where it is evaporated 
under 300 lb. per sq. in. absolute pressure and then 
superheated to 700 fahr. 

After being forced into the boiler, the water is 
first heated to the saturation temperature of 417.33 
fahr. before it is evaporated into steam. From 
Keenan’s Steam Tables, the total heats of water 
at 200 and 417.5 fahr. are 167.94 and 393.9 B.t.u. 
per Ib. respectively. Subtracting these two quanti- 
ties, we find the heat added to the water before 
evaporation is 226.0 B.t.u. per lb. The external 
work corresponding to the expansion between the 
initial and final volumes of the water of 0.01663 
and o.or89 cu. ft. per Ib., is 144 x 300 x (0.0189— 
0.0166) / 778.6=0.13 B.t.u. per lb. This shows 
that in heating water, external work accounts for 
but a very small fraction of the heat added which 
is mostly internal kinetic energy of the molecules, 
or sensible heat. The error due to taking the heat 





250 











/50 








Pressure, tooo /b. per sg. tt. 





























o 50 100 /50 Zoo 250 
Volume, cu.ft. per /b. 


Fig. 2—Pressure-volume diagram for heating water from 
200 to 600 fahr. 


added to water under constant pressure as equal to 
the difference of the total heats, will be neglected 
as is Customary. 

In evaporating the water into steam under 300 lb. 
per sq. in. absolute pressure, the total heat is changed 
from 393.9 B.t.u. per lb. for liquid to 1202.4 B.t.u. 
per lb. for dry saturated vapor. The difference 
between these two quantities, namely, 808.5 B.t.u. 
per lb., is the correct value of the heat added during 
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evaporation because evaporation occurs under con- 
stant pressure. This quantity is the latent heat of 
the steam, no temperature change having occurred 
during evaporation. In expanding from water having 
a volume of 0.0189 cu. ft. per lb. to steam having a 
volume of 1.5414 cu. ft. per lb., the external work 
done, or the external latent heat, is 144 x 300 x 
(1.5414—0.0189) / 778.6 =84.5 B.t.u. per lb., which 
passes out of the steam to the surroundings. The 
internal latent heat is 808.5—-84.5 =724.0 B.t.u. per 
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Fig. 3—Temperature-entropy diagram for heating water from 
200 to 600 fahr. 


lb., which remains in the steam and represents the 
increase in potential energy of the molecules in 
order to change the water into steam. 

In superheating the steam from 417.33 to 7oo fahr., 
the total heat is changed from 1202.4 to 1367.8 
B.t.u. per lb. The difference of 165.4 B.t.u. per Ib. 
is the heat added in the superheater. The volume 
changes during superheating from 1.5414 to 2.224 
cu. ft. per Ib., the corresponding external work 
being 144 x 300 x (2.224—1.541) / 778.6 =37.9 B.t.u. 
per lb. The difference, 165.4—37.9=127.5 B.t.u. per 
Ib., is the increase in internal energy of the steam 
during superheating. Since both temperature and 
volume of the steam change during superheating, 
this increase in internal energy is composed of both 
kinetic and potential energy of the molecules. Super- 
heating of steam generally occurs while the steam 
is flowing through tubes so that the phenomena 
of steady flow are involved as will be discussed in a 
later article. 

The work done and the heat added in generating 
steam may be represented on the pressure-volume 
and temperature-entropy diagrams, respectively. Thus 
in figures 4 and 5, point 1 represents the feed water, 
point 2 represents the water when heated to the 
temperature of evaporation, point 3 represents the 
dry saturated steam generated and point 4 represents 


33 






























Coenen 2. 











the superheated steam. The area under line 12 in 
Fig. 4 represents the external work done during heat- 
ing of the water, but the external work is practically 
zero to the scale of the figure. The area under line 
12 in Fig. 5 represents the heat added to the water 








3 
© 
N 
N 
N 


ee 


PM RS NOS PME SE 8 pe eS 


aan 


0.8 40 18 25 
Volume , cv. tt. 





‘ 

















Pressure, ooo /b. per sg. ft. 











\\\ 





Fig. 4—Pressure volume diagram for the generation of steam. 


to raise it to steam temperature. The area under 
line 23 represents in Fig. 4 the external work done 
and in Fig. 5 the heat added during evaporation of 
the water. The same quantities during superheating 
are represented by the areas under 34. In comparing 
Fig. 4 and 5, it should be remembered that equal 
areas on the two diagrams do not represent the same 
amounts of energy. 


Adiabatic Expansion of Steam 


Early steam pumping engines admitted steam dur- 
ing the full stroke of the piston. The work done by 
the steam upon the piston was therefore equal to 
the external latent heat of the steam as calculated 
in a preceding paragraph. Watt conceived the idea 
of cutting off the supply of steam to the cylinder 
before the piston reached the end of its stroke, 
thereby permitting the steam to expand with drop 
in pressure and do work upon the piston at the 
expense of the internal energy in the steam. Expan- 
sion of steam and other fluids without addition or 
abstraction of heat was called adiabatic expansion 
by Rankine from a Greek word meaning ‘‘not pass- 
ing through’’ because such expansion can occur only 
in cylinders with walls impervious to heat. 

Now the temperature-entropy diagram represents 
the heat added to or abstracted from a substance 
as its temperature and entropy change. Only a 
vertical line on this diagram can represent a thermal 
change in which no heat is added or abstracted. 
Hence the entropy must be constant during adiabatic 
expansion, a fact which is also shown by the mathe- 
matical relation between heat and entropy, namely, 

dq =T ds 
where dq is the heat added at absolute temperature 
T with a corresponding entropy change ds. We are 
of course considering conditions above the absolute 
zero of temperature where T is not zero. 

Figure 6 is a temperature-entropy diagram for 
steam on which lines have been drawn to represent 
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constant dryness fractions within the wet region and 
to represent constant degrees of superheat in the 
superheated region. Starting from point B on the 
saturated vapor line, it is seen that adiabatic expan- 
sion to a lower pressure results in a partial condensa- 
tion of the steam, as indicated by point F relative 
to the lines of constant quality. Starting in the 
superheated region at point C, adiabatic expansion 
causes a reduction in the degree of superheat, and 
if the expansion be carried sufficiently far, the steam 
will reach the saturated condition at point D and 
then partly condense as indicated by point E in the 
wet region. On the other hand, adiabatic expansion 
of water from point A on the saturated liquid line 
results in evaporation of a portion of the water, 
as indicated by the position of point E relative to 
the lines of constant quality. Given the initial 
pressure and quality of steam, the quality after 
adiabatic expansion to a lower pressure may be deter- 
mined on the basis of constant entropy. Other ther- 
mal changes can then be calculated as will be illus- 
trated by a numerical example. 

Let the initial condition of the steam be dry and 
saturated under 200 Ib. per sq. in. absolute pressure 
as represented by point B in Fig. 6. Then the initial 
temperature of the steam will be 381.82 fahr., its 
volume will be 2.285 cu. ft. per lb., its total heat 
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Fig. 5—Temperature-entropy diagram for the generation 
of steam. 


will be 1197.8 B.t.u. per lb. and its entropy will 
be 1.5450 B.t.u. per lb. per degree fahr. absolute, 
all taken from Keenan's Steam Tables. After adia- 
batic expansion to atmospheric pressure, the steam 
will be wet as indicated by point F in Fig. 6. The 
dryness fraction x may be calculated from the fact 
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that the entropy after expansion is the same as the 
initial value of 1.5450. From the Steam Tables, we 
find the entropy of saturated water under atmos- 
pheric pressure to be 0.3119 and the entropy of evap- 
oration to be 1.4446. Hence, 

_ 0.3119+1.4446 x =1.5450 
Whence, x =0.8536 dryness fraction 
and I—x=0.1464 moisture fraction 

The volume of the steam after expansion is 

0.01670 X 0.1464+26.82 X0.8536 =0.002 +22.89 = 
22.89 cu. ft. per lb. where 0.01670 cu. ft. per Ib. is 
the specific volume of water and 26.82 cu. ft. per 
Ib. is the specific volume of dry saturated steam 
under atmospheric pressure. The total heat of the 
steam after expansion is 

180.0+970.2 X0.8536= 1008.2 B.t.u. per Ib., 

where 180.0 B.t.u. per lb. is the total heat of saturated 
water and 970.2 B.t.u. per lb. is the latent heat of 
evaporation under atmospheric pressure. The change 
in total heat from 1197.8 to 1008.2 B.t.u. per lb. 
has a significance which will be explained in a 
future article. However, it is not the heat abstracted 
from the steam during expansion because this is zero. 
Neither is it the work done during expansion, which 
must be equal to the change in internal energy and 
will now be calculated. 

The internal energy of steam is not given in 
Keenan’s Steam Tables; hence, it is necessary to 
calculate it by subtracting Apv from the tabulated 
value of the total heat. Under the initial conditions, 
144X200 X2.285 

778.6 
Hence, 1197.8—84.5 =1113.3 B.t.u. per lb. initial 
internal energy. For the final conditions, 

144 X14.696 X22.89 

ape 778.6 

Hence, 1008.2—62.2 = 946.0 B.t.u. perlb. final internal 
energy. The change in internal energy during adiabatic 
expansion is 1113.3—946.0=167.3 B.t.u. per Ib. 
Hence the work done during expansion is 167.3 X 
778.6 = 130,260 ft. lb. per lb. of steam. This is the 
work done on the piston of an engine during expan- 
sion only and does not include the work done during 
admission of steam into the cylinder, which is the 
external latent heat of the steam admitted. Neither 
is the work done by the piston in exhausting the 
steam from the cylinder considered. The net work 
done on the piston will be discussed in a later article 
which will deal with the performance of the engine 
as a whole. 

Instead of determining the work done during adia- 
batic expansion of steam by the change in internal 
energy with constant entropy, it is sometimes desir- 
able to calculate the work done from the change 
in pressure of the steam as its volume increases. 
A mathematical relation must then be available 
between the pressure P and the volume V of the 
steam during adiabatic expansion. It is customary 
to use a relation of the form 

PV‘ =P, V,*=P, ¥,* 





Apv= =84.5 B.t.u. per lb. 





= 62.2 B.t.u. per lb. 
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where the adiabatic exponent & is taken as constant. 
Applying logarithms, we have 
log P:+k log V:= log P:+k log V: 

log P r—log P 3 
Whence, k = fog V:—log V, 
Substituting values of pressure and volume from the 
above example, we find the adiabatic exponent 

log 200—log 14.696 
k = 

log 22.89—log 2.285 
1.133 
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Fig. 6—Temperature-entropy diagram to show variation in 
quality with adiabatic expansion of steam. 


The value 10/9 was proposed by Rankine for ‘the 
exponent of adiabatic expansion of wet steam. The 
work done during expansion according to the above 
relation is 





W= v,P dV 
= P, V:.— 2 V; 
k--1 


Substituting the values of the initial and final pres- 
sure and volume, we have 


144 
W= 533-8 (200 X2.285—14.696 X22.89) 


= 130,585 ft. lb. per lb. of steam 





“Expansion with P V Constant 


The expansion line of steam in an engine cylinder 
after cut-off, obtained by means of the steam engine 
indicator, invented by Watt, apparently showed the 
product of the pressure and volume to be constant 
while the steam expands. During the development of 
the steam engine in the first half of the 19th century, 
this relation was also taken as representing the 
variation of the volume of dry saturated steam with 
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its pressure. In accordance with Watt’s law that 
the sum of the sensible heat and the latent heat of 
steam was constant and in accordance with the 
caloric theory that no heat disappeared when mechan- 
ical work was done, steam initially dry and saturated 
was assumed to remain in this condition during 
expansion. The fact that steam partly condenses 
during expansion in an engine cylinder as explained 
in a previous section, was first deduced in 1850 by 
both Clausius and Rankine from Joule’s experiments 
on the equivalence of heat and work and Regnault’s 
experiments on the thermal properties of steam. This 
deduction was confirmed experimentally by Hirn a 
few years later. 


Although the relation P V=constant is not 
strictly true for the expansion of steam, it is a suffi- 
ciently accurate assumption to make when construct- 
ing an expected indicator diagram for predetermining 
the power to be developed by an engine under given 
conditions of cut-off, etc. The work during expan- 
sion only according to the relation 

P V=P, V.=P, V; 
may be calculated by the expression 
2 


W=P, V; log. V. 


where subscript 1 refers to the initial condition 
and subscript 2 refers to the final condition. This 
expression is derived by integrating the elemental 
work dW =P dV between the limits V, and V;, after 
substituting P=P,V,/V. The thermal changes 
accompanying such expansion of steam may be cal- 
culated by the aid of tables of the thermal properties 
of steam. 

Thus, consider the expansion of steam which is 
initially dry and saturated under a pressure of 200 
lb. per sq. in. absolute, to atmospheric pressure in 
accordance with 

P V=?P, V.i=P, V; 

Since V,;=2.285 cu. ft. per lb., we have 
V.=200 X2.285 / 14.696 =31.10 cu. ft. per lb. 
The work done by the steam during expansion is 
1.10 





V; 
W =P, V; log. V7 = 144X200 X2.285 log. ae 


= 171,820 ft. lb. per lb. of steam 

=220.7 B.t.u. per lb. of steam 
Since the specific volume of dry saturated steam 
under atmospheric pressure is 26.82 cu. ft. per lb., 
the final volume of 31.10 cu. ft. per lb. shows that 
the steam is superheated after expansion. Interpolat- 
ing in the superheated steam tables, we find the total 
heat to be 1198.8 B.t.u. per lb. and the temperature 
to be 314 fahr. after expansion. Also, 
144 X14.696 X31.10 , 

778.6 

Hence, internal energy in steam after expansion is 
1198.8—84.5 =1114.3 B.t.u. per lb. Since the initial 
internal energy, as calculated in a preceding para- 
graph, is 1113.3 B.t.u. per lb., there has been a 
slight increase in internal energy during expansion 





Apv= = 84.5 B.t.u. per Ib. 
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equal to 1114.3—1113.3 =1.0 B.t.u. per Ib. In order 
to perform the external work equivalent to 220.7 
B.t.u. per lb. while the internal energy of the steam 
increases 1.0 B.t.u. per lb., heat must be added to 
the steam during expansion equal to 220.7+1.0= 
221.7 B.t.u. per Ib. 


Polytropic Expansion 


Very careful measurements of the expansion of 
steam in engine cylinders show that the relation 
between the pressure and volume can be more closely 
represented by an expression of the form 

PVv"=P, V,°=P, V;° 
than by the simpler expression with n=1. For n 
equal to any other value than unity, the work done 
during expansion only is 

we P,V.—P: V; 
n—I 

where the subscripts 1 and 2 refer to the initial and 
final conditions respectively. This expression is 
derived by integrating the elemental work dW =P dV 
between the limits V, and V, after utilizing the rela- 
tion P V°=P, V, °=P, V, “ to eliminate P. 

No numerical example will be given of polytropic 
expansion; the calculations would be similar to those 
presented for the preceding case. 





Isothermal Expansion 


When heat is added to a fluid during expansion 
in just sufficient quantity to keep the temperature 
constant, the expansion is said to be isothermal. 
The generation of steam from water in general 
occurs at constant temperature so that isothermal 
expansion of wet steam is of great practical impor- 
tance. Isothermal expansion of superheated steam, 
however, is of no practical importance and of little 
theoretical interest. 


Thermal Changes at Constant Volume 


An example of thermal change at constant volume 
is the heating of steam and water in a boiler or other 
vessel while the outlets are closed. Since no external 
work is done, the heat added must equal the increase 
in internal energy of the water and steam. 

Consider a mixture in a vessel consisting of 10 per 
cent steam and go per cent water by weight under a 
pressure of 200.lb. per sq. in. absolute. Let us find 
the quantity of heat per lb. of mixture which will 
raise the pressure to 4oo Ib. per sq. in. absolute. The 
initial volume of the mixture is 0.01839 X0.9+2.285 
X0.1 =0.0166+0.2285 =0.2451 cu. ft. per Ib., the 
specific volumes of water and steam being taken from 
Keenan's Steam Tables. Let x be the steam fraction 
under 400 lb. per sq. in. absolute pressure, then 
0.0194 (1—x) +1.1601¥ =0.2451, OF ¥=0.1979 lb. of 
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- Submerged Combustion 


A Remarkable Development in 
the Field of Fuel Technology 


Mr. Brownlie describes a submerged combus- 
tion burner which evidently is finding successful 
commercial application in Great Britain. This 
idea seems to have many possibilities and it will 
be interesting to watch its further development. 
Apparently the appplications thus far have, for 
the most part, been limited to the use of gas as 
fuel. The author’s remarks as to the possibilities 
of this development in connection with house and 
building heating may have particular significance 
for us in view of the widespread and rapidly in- 
creasing availability of natural gas in this country. 


INCE 1886, when Collier took out a British 

patent on the subject, inventors have struggled 
with the fascinating problem of burning a flame 
continuously under the surface of water or other 
liquids such as solutions of gases, liquids, and solids 
in water and solvents generally, organic compounds 
such as mineral, animal and vegetable oils, fats, 
and waxcs, and molten metals. 

The advantages of such submerged combustion 
include simplicity, cheapness of equipment, and a 
very high rate of heat transmission to the liquid. 
It may be remembered that Oscar Brunler labored 
for many years to apply this method to steam gen- 
eration and developed the ‘‘Brunler’’ boiler having 
the flame in the boiler itself below the water level. 
This gave a high thermal efficiency but all the gase- 
ous products of combustion mixed with the steam, 
a condition which could not be corrected and which 
still appears to be an insurmountable difficulty. 

The field of application for a successful method 
of submerged combustion is a very wide one quite 
apart from steam and power, including particularly 
the evaporation of all kinds of liquids, promoting 
chemical reactions of various kinds, the melting of 
metals, and the heating of water, especially in con- 
nection with the central heating of buildings. In 
order that a flame shall keep alight under water 
the rate of heat generation, which is dependent 
upon the amount of fuel and air burned in a given 
unit of time, must be enormously increased as com- 
pared with ordinary methods in order that the loss 
of heat to the surrounding water is not sufficient to 
cause the temperature to fall below the combustion 
point. 
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By 
DAVID BROWNLIE 
i Oe fe Se BH 


The general theories of submerged combustion 
have long been understood by a number of people 
but the method has proved to be an extremely difh- 
cult one to carry out in practice. However, success 
under commercial conditions is now being attained 
in Great Britain by Submerged Combustion, Ltd., 
of London with which organization C. Featherstone 
Hammond, who recently read a paper on the subject 
before the Institute of Fuel in London, is associated, 
and it is the object of the present article to give a 
brief description of the Hammond system, following 
upon a personal investigation of the matter. 

Essentially the basic principle of design in the 
‘‘Hammond’’ submerged combustion burner is to 
provide for the extraordinarily rapid and intimate 
mixing of the air with the fuel, so as to obtain com- 
plete combustion with the theoretical amount of 
air, accurately measured for the purpose. Also the 
rate of combustion is increased to such an enormous 
extent that it is claimed to be, with gas for example, 
several hundred times that of solid fuel with forced 
draft and to amount to the evolution of about 20,- 
000,000 B.t.u. per hour per cubic foot of combustion 
space. Further, the design is such that it is impos- 
sible for the flame to flash back into the burner; 
hitherto this has been one of the great difficulties 
of submerged combustion. 

Thus far, for the most part, gas has been used as 
fuel, and the basic arrangement, subject to numerous 
minor modifications, consists in the use of a small 
electric driven duplex booster which supplies sepa- 
rately the gas and air for combustion under pressure, 
generally at about 5.0 lb. per sq. in., to a propor- 
tioning valve. Innormal operation, the adjustment 
is such as to give exactly the theoretical amount of 
air for combustion. In London, for example, with 
domestic gas of 500 B.t.u. per cubic foot the figures 
are 4.70 volumes of air and 1.00 volume of gas. 
These correct volumes of gas and air are then passed 
to the burner in the top of which is a mixing cham- 
ber of special design which is one of the most im- 
portant features. The mixture of air and gas then 
passes down through a connecting passage to the 
combustion chamber or burner proper, lined with a 
refractory material, Alundum, where the gas burns, 
the combustion gases, nitrogen and CO, passing out 
at the bottom into the liquid, the greater part of 
the burner being below the surface. 

On these lines, the ‘‘Hammond”’ burner is being 
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used in commercial applications for evaporating 
many different liquids, central heating of buildings, 
melting metals, the polymerising of oils, and oper- 





Fig. 1—Detailed view of 
the Hammond Submerged 


Combustion Burner 
































Item No. 





Description Item No. Description Item No. Description 
1 Chamber, Combustion 17 Register, Clamp 32 Passage, Gas 
2 Lining, Refractory 18 Body, Main 33 Carrier, Upper 
3 Annulus, Insulating 19 Ring, it 34 Inlet, Gas 
4 c , Outer 20 Collar, 35 Connection, Gas 
5 1 , Terminal 21 Spring 36 Ring, Piston 
6 Port, Air Transfer 22 Inlet, 37 Cover, Main Body 
7 Port, Inlet 28 Connection, Air 38 Ring, Securi 
8 Passage, Flame Sight 24 Seating, Connection, Ignition 
9 Tube, Flame Sight 25 Sleeve, Air 40 Glass, Aperture 
10 Passage, High Velocity Transfer 41 Washer 
11 Tube, High Velocity 26 Carrier, Lower 42 Nut, Flame Sight 
12 » Air Transfer 27 Passage, Air 43 Screw, Pack Securing 
13 Tube, Air Transfer 8 Ring, Piston 44 Jet, Gas 
14 Ferrule 29 Passage, Mixture 45 Jet, Air 
15 Flange 30 Jet Plate, Gas 46 Nozzle 
16 Casing, Air Transfer 31 Jet Plate, Air 47 Endcap 


ating closed dye vats, while many new applications 
are under active consideration. 

Fig. 1 shows a detailed view of the Hammond 
burner. At the top, in the burner head, is the mix- 
ing chamber to which connect the pressure air and 
gas supply pipes from the proportioning valve. A 
transfer passage or duct connects this chamber to a 
tubular combustion chamber, comprising the main 
portion of the burner and terminating in a nozzle. 
The passage connecting these chambers is so designed 
that the minimum velovity of the intimately mixed 
downcoming gas and air is always more than the 
backward rate of flame propagation, about 3.3 feet 
per second. For this reason back-travel of the flame 
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is impossible. In the standard design illustrated, 
the transfer passage is kept cool by the incoming 
cold air so that the metal cannot heat up sufficiently 
to cause ignition in the mixing chamber. 

The combustion chamber is lined with Alundum 
which, it is said, will operate continuously for an 
almost unlimited period within a temperature range 
of 1292 to 2732 deg. fahr. In one case, for example, 
the original lining of a burner has been in use for 
over 3000 burning hours. The material used for the 
outer casing depends upon the type of service re- 
quired. Among the materials which have been found 
suitable for various applications are cast iron, steel, 
copper, gunmetal, phosphor bronze, enamelled cast 
iron, chromium plated gunmetal, and acid resisting 
stoneware or glass. Hammond burners are made in 
seven standard sizes in capacities ranging from 30,000 
B.t.u. to 1,000,000 B.t.u. per hour. 

The mixing chamber in the head of the burner 
is of very ingenious design. It is built up 
of a series of small thin steel laminae fixed on 
top of one another, and forming a ‘‘pack’’ cir- 
cular in plan view, with a large hole in the 
center, and perforated according to a special plan. 
The perforations provide a series of vertical 
channels or tubes which all communicate to the 
central hole or mixing chamber by axial ducts. 
These vertical tubes are of two sizes, one set of 
smaller size being for the gas and the other and 
larger size for the air, with pipe connections ac- 
cordingly. Also these gas and air supply tubes have 
a whole series of minute axial ports leading to the 
central mixing tube, alternate laminae being stamped 
one with air channels and the other with gas chan- 
nels to form a large number of these ports. This 
design provides, almost instantaneously, a violent 
and intimate mixing, on turbulent principles, of the 
gas and air, both at 5.0 lb. pressure, as previously 
stated, so that complete combustion takes place 
with the theoretical proportions. 





Fig. 2—Standard air and gas booster for unit of 
125,000 B.t.u. per hour. 


The duplex electric-driven gas and air booster 
sets are located on the same base plate with a com- 
mon driving shaft and one motor, and are designed 
in standard sizes ranging from a o.5 hp. unit, ca- 
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pable of handling 120 cu. ft. of gas and 540 cu. ft. 
of air per hr. (60,000 B.t.u. per hr. with 500 B.t.u. 
gas) to a 7.5 hp. unit, handling 2000 cu. ft. of gas, 
and gooo cu. ft. of air per hr. (1,000,000 B.t.u. per 
hr.) 

The proportioning valve, used to adjust with 
great accuracy the volumes of the gas and air, as 
delivered by the booster, is of the piston type with- 
out glands, and provided with piston rings to make 
the whole arrangement gas tight, the separate vol- 
umes, being controlled by ports in the piston reg- 
istering with inlet and outlet ports in the body of 
the valve so designed that the rotation of the piston 
varies the cut-off on the gas port without altering 
the cross sectional area of the air port. Naturally 
the respective volumes depend upon the heating 
value of the gas and are always regulated according 
to the theoretical amounts for perfect combustion, 
while it is a very simple matter also to give a re- 
ducing or an oxidizing flame to any desired degree. 

One remarkable feature of submerged combustion, 
which accounts for the high heat transmission effi- 
ciency, is the fact that the combustion gases are 
discharged through the liquid in the form of a vast 
number of extremely small bubbles, almost invisible 
to the naked eye. This can be observed by means 
of a large glass bowl filled with water having a 
burner fixed at the top and the flame well down 
below the water level. No large bubbles are to be 
seen, as might be expected, but there is an extreme 
subdivision of minute bubbles with a general ap- 
pearance resembling aerated water. It is believed 
these combustion gas bubbles only average the equiv- 
alent of about one-thousandth of an inch cube so 
that within a volume of 1 cu. ft. the actual effective 
contact of the white hot combustion gases and the 
water is equal to about 1.65 acres in extent of ordinary 
contact between a volume of.gas and the surface of 
water at rest. For this reason, one of the most im- 
portant possibilities of submerged combustion is the 
air lift pump, using the products of combustion 
from the burner in the water or other liquid instead 
of expensive compressed air. 

A most interesting application of the Hammond 
submerged combustion system, is the central heat- 
ing of buildings, using domestic gas. Apart from 
the simplicity of this system and the elimination of 
the dirt, smell, dust, and ash associated with ordi- 
nary solid or liquid fuel firing, one advantage is 
that the equipment can be placed at any point in 
the building or on the roof if desired. It is not 
necessary to use the cellars for this purpose as with 
ordinary gravity circulation, and no chimney need 
be provided. 

Fig. 3 shows the general arrangement of a central 
heating unit on these lines, with the submerged 
combustion burner at (1), a circulating chamber or 
air lift foot piece at (2), an expansion tank in which 
the water level is shown (3), and a rising main (4) 
surmounted by a head tank (5). This latter is main- 
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tained full of hot water by the action of the burner 
which heats and aerates the column of water in 
the rising main (4) and from this tank the hot 
water flows by gravity through the outlet (6), the 
head resulting from the hot water displacing the 
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Fig. 3—Hammond Submerged Combustion unit for the 
central heating of buildings using domestic gas 
cold water throughout the circuit. Also the head 
tank (5) has a deflector cover upon which the aerated 


column of hot water impinges, thus separating the 
steam and gases from the water. Then the steam 
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and gases descend by an annular passage (7), sur- 
rounding the rising main, and leave the system by 
way of a heat exchange device in counterflow with 
the return cold water from the radiator circuit 
which enters at (8) with final discharge of the gases 
at the top outlet (9). As showing the high thermal 
efficiency, these gases are only about 120 deg. fahr. 
when the room temperature maintained is 64 deg. 
fahr., about 94.5 per cent of the gross calorific 
value of the gas supplied being utilized as well as 
the latent heat of the water of combustion. 

With regard to the space required, a standard 
Hammond duplex heating set of 2,000,000 B.t.u. 
per hour output occupies a floor area of 38.0 sq. ft. 
above the operating level and 23.0 square feet for a 
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Fig. 4—Photo- 
graph of Ham- 
mond unit for 
house and build- 
ing heating us- 
ing domestic gas 
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depth of 7 ft. 6 in. below, about one-tenth of the 
space required for a coal or coke installation of the 
same output. For central heating, single units are 
standardized in sizes from 60,000 B.t.u. per hr. with 
a 1% hp. electric drive to 1,000,000 B.t.u. with a 
7% hp. drive. The whole operation is entirely 
automatic and if necessary can be started and stopped 





Fig. 5—Proportioning valve used with Hammond System 
(250,000 B.t.u. per hour size) for supplying air and gas 
under pressure to the burner with very accurate control 


by distant push button control, and, further, the 
degree of the heating may be controlled with the 
aid of a thermostatic regulator by the heat of the 
building. 

Another important application of submerged com- 
bustion is in connection with the evaporation of 
extremely difficult liquids, such as phosphoric acid 
and sulphuric acid, using earthenware, glass, or 
porcelain vessels, with the burner fixed in the top. 
For example, an installation was recently supplied 
for the continuous evaporation of phosphoric acid 





Fig. 6—Hammond Submerged Combustion three unit bat:ery 
for the concentration of phosphoric acid using earthenware 
containers to eliminate corrosion difficu‘ties. 


consisting of a battery of 3 earthenware units, each 
of 7.1 gal. capacity occupying 22.6 sq. ft. total floor 
space. This plant runs for 120 hr. a week and pro- 


(Continued to page 46) 
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Greatly Improved Efficiency Follows 
Modernizing of Central Power Plant 


Serving R. |. Institutions 
(Continued from page 23) 


The coal cost of producing a 1000 |b. of steam 
from and at 212 deg. fahr. shown at $0.272 is based 
on data compiled on the h.r.t. units on December 
21 and 22, 1928. This figure must be considered 
very low and only attained under test conditions. 
The writer firmly believes that prior to this test 
the cost was very much higher. 

The coal cost of producing a 1000 lb. of steam 
from and at 212 deg. fahr. shown at $0.2205 is based 
on data compiled on the water tube unit on June 
5 and 6, 1929. This would represent the average 
cost of producing 1000 |b. of steam from and at 212 
deg. fahr. on $5.82 coal. 

The actual coal cost of producing 1000 lb. of 
steam from and at 212 deg. fahr. shown as $0.252 
is based on the yearly cost, using coal averaging 
$6.18 per gross ton as against $5.82 as shown on 
test data. 

The amount of convict labor involved in the 
boiler plant reduces our operating cost to a great 
extent. These figures could not be used for com- 
parative purposes, therefore, the writer bases all his 
figures on the cost of coal for generating 1000 lb. 
of steam from and at 212 deg. fahr. 

No data is given covering flue gas analysis due 
to the fact that only forty-eight tests were made. 


Although the CO, content averaged better than 13 
per cent on the water tube unit, the writer does not 
feel that there were’ sufficient tests made to call this 
an absolute average figure. 


AVERAGE YEARLY OPERATING DATA AND ECONOMY 


Total coal consumed Dec. 1, 1928 to Dec. 1, 1929... .. 27,498,755 lb. 
Total coal consumed corrected for moisture content... 26,451,053 Ib. 
Average heat content of coal as received............. 14,121.6 B.t.u. 
Average heat content of coal, dry basis.............. 14,736.1 B.t.u. 
Average moisture content in coal as received......... 3.81 per cent 
Total water pumped to boilers Dec. 1, 1928 to Dec. 1, 

UO eee ee ee eee ee oP ee ere ee 271,927,800 lb. 
Total water blown from boilers Dec. 1, 1928 to Dec. 1, 

BO raLs 5. Bd 2h. c duidcsidh davadnateadest skwanacapwanes 1,430,000 Ib. 
Total steam generated F. and A. 212 deg. fahr. Dec. 1, 

FEI Ca TES 9 cn 005 boon bc conecesspasegs 300,901,753 Ib. 
Pete CE CII wid oii dis hin idcedisieccincoes gi 1.1124 
AVGRRGE BOURED DOMINIO yaa. «5.0.6 5 os 00s cocnbsessce ssi 100.3 Ib. gage 
Average feed water temperature............0....005. 210.69 deg. fahr. 
Average temp. of hot water delivered to institutions.. 172.00 “ _“ 
AUIERD COUNT CUI oo o's oon bck snes nvesvececsets 468.10 ** 
Avetage Gee Oar CRIPTAONES... - 6. 56 5 i cece ee 460.00 ** 
Average temp. of condensate returning to power plant 152.78 “* 
Average low pressure in heating main............... 4.33 lb. gage 
Evaporation per Ib. of coal as received F. and A. 212 

TNE Fos FOG EES ds bi dddsle Caldas 10.94 |b. 
Evaporation per lb. of Dry Coal F. and A. 212 deg. fahr. 11.37 lb. 
Average thermal overall efficiency of the boilers...... 74.87 per cent 
Actaal cont of coal (6.18—2240 Ib.) as fired required to 


evaporate 1,000 Ib. of steam F. and A. 212 deg. fahr. $0.252 


Although the power plant was not taken into 
consideration in describing the station the following 
figures, representing totals for the period January 
1 to December 1, 1929, give an idea of the impor- 
tance of its service: kilowatt-hours generated— 
515,129; gallons of water pumped to institutions— 
207,953,380; pounds of ice manufactured—g46,825; 
total dry refrigeration load (tons )—3,480. 
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, as ik | MONDAY | TUESOAY| WEDSDAY| THURSDAY! FRIDAY | SATURDAY! TOTALS , 
| v | v | Tuesoay GENERAL REPAIRS 
Engines in Service in le i. +2 2 2 2 : i . 
Engine Hours Run | 24 424 24 24 24 24 24 168 } LABOR | MATERIAL TOTAL 
Comgreues Heer) Ben 24 +24 24 24 24 a] 2 168 ITEMS | AMOUNTS | AMOUNTS | AMOUNTS 
Botlers Now In Service . ba a i L 1 h ee lit J ' 2 | a 
; at brine 7 do toro: fo 2.82 ess 
Boller Houre Ren im i 2 rn 24 24 Te oe 168 —s DR ae Dn. — = 2 2 
Blowers In Service ia io 1 L 12 i my es ema oo snene ene 
Blower own Run | 24 2 24 | 24 24 ' 24 166 a Se a 2 -—_ 
L In Service La ist pt 1 L +o i ee abe = aes. « 
OS Sere a eee eee ee ee Ee Ee 6 UN Tee i MA ak’ 
——Dementic Water Pome Mowrs un 0 22 ak | ge [a ake 
Fire Pump Hours Run -- = =: = = i = L + a P. 
Average Steam Pressure 100 100 29 Loo 29 99 99 99 SUPPLIES 
Average Low Pressure 4 a 4 5 5 aa 5 aS 
Average Feed Water Temp | 20 | ms 213 217 215 215 215 214 i ITEMS AMOUNT AMOUNT $ 
Awrage Retura Water Temp 1s 138 138 141 | ise 135 140 iw Thite Cotton Jaste @ 18g per Jb, loo# 128,00 
Average Flue Gas Temp 409 | 465 468 +888 | 492 468 4681 " 
+ t SS eS 
T.Equtv Bvap. F. & A. 200 496086 | 267072 413861 seasso || _356968 413923 383035 | 2,606,764 2 Drums Calcium Chloride $1.87 per 100f 750g 13,89 
Equiv Evap F & A 21? Dry Fuel Per Lb | 12,95 | 11,68 12,08 | 12.56 12,29 12,35 11.65 12.4 ris a C ‘essor 
Total Lhe Coal Received | ad me { = a ae 2 Drugs Calcium Chloride 750 15.02 
Total Loe Coal Consumed | 4230 | g60@0 _| se0s0 I | 34200 _| 30400 226278 Jaws and Nuts for 24" Stilison Wrench 2 2.20 
__ Balance On Hand Grom Tons —[ansa.co | aree.en [2152.22 [2117.96 | 2104.75 | 2080.49 | 2075.92 | oe e eye e . 2 se 
os aa —_ — ESE i ¥ 3 * | 7 7 . * 10° . . — pI re] 
LABOR LABOR Single Wheel Pipe Cutter 1" - 2" i 4.50 
eee ee - . — —— | Cutters for above #25 3 aa or 
NAME OF EMPLOYEE i CLASS | TOTAL PAY || NAME OF EMPLOYEE | CLASS | TOTALPAY | Machtne Bolts <,'3" x 2" pr 32 
Mr, ---- Epgineer $47.50 | Convict Labor \(taporers) “Sen.so_|——Bask Sew Bledeo a 45 
Ste ies e 40,00 || | Coa) Received 0 
ae = ~ 41,96 | Coal Consumed _ 226276 w $5.92 401.01 “ = - 
Mw, ---- . { 39.46 a | t ++ ne _ —_— - » ° - 
A EN Weter Tender | 34.96 | REMARKS 
i. === cies? 33,00 rr Ee _ — 
Mr, ---- * ae 34.96 
wr, =--- Fireman : 0,00 = 
Mr, ---- ° |__ 30,00 if aul 
«one *. 31.96 ° = 7s 
ur, de a ____TOTAL PAYROLL |) 782 { 
Mr._==-- 2S 3.26 
| |e tale 34.08 RECAPITULATION 
her = | Steamfitter __| TOTAL COST OF REPAIRS 42,31 eo 
[ 430.72 | _ TOTAL COST OF SUPPLIES 654,97 priest 
if TOTAL COST OF PAYROLL 479,22 ‘ 
“"T | See ve — —-——__— 
RE <i Z eee voret | 170.00 | Wl ad. ZITIace. 
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| How to Compare 
the Relative Value of Different Fuels 


By B. J. CROSS, Combustion Engineering Corporation, New York 


HE true measure of the value of a fuel for use 

under steam boilers is the cost of a unit of steam 
produced by it. Units of fuel such as tons of coal, 
gallons of oil or cubic feet of gas are not definite 
units of heat. Such units must be modified by the 
heat units they contain and by the efficiency with 
which these heat units can be converted into heat 
in the form of steam. 

The accompanying chart has been prepared to 
permit a comparison of fuels on the basis of the 
cost of one million B.t.u. in the form of steam, or 
roughly, the cost of one thousand pounds of steam. 
Only simple arithmetical relations are involved. The 
scale at the bottom of the chart gives the unit prices 
for coal, oil and gas. From the cost of the fuel and 
its heat value in B.t.u., the cost of one million B.t.u. 
in the fuel may be determined and is shown in the 
right hand vertical scale. The cost of one million 
B.t.u. in fuel and the efficiency of burning and absorp- 
tion give the fuel cost of one million B.t.u in the 
form of steam. The fuel cost of one thousand pounds 
of steam may be obtained by multiplying the cost 


. As H, the 


heat added to one pound of water will vary in 
different installations, the fuel cost of one thousand 
pounds of steam must be determined individually 
for each installation. The fuel cost of one million 
B.t.u. will, however, be a direct measure of the 
relative value of different fuels. 

If a coal of 14,000 B.t.u. per pound costs $4.50 
per ton, the cost of one million B.t.u. in the fuel 
will be 16.07 cents. If this coal is burned and the 
heat absorbed at 75 per cent efficiency, the fuel cost 
of the steam produced would be 21.4 cents. To 
obtain the equivalent price of oil with a heat value 
of 18,500 B.t.u. per pound, trace downward from 
this cost of steam, 21.4 cents per million B.t.u., to 
the efficiency of conversion with oil, for example 
80 per cent; from this intersection trace horizontally 
to the line for the heat value of the oil, 18,500 and 
from this intersection trace downward to the price 
of oil, cents per gallon. 

For equal fuel cost of steam, an operator who can 
obtain 14,000 B.t.u. coal at $4.50 per ton cannot 
pay more than 2.55 cents per gallon for 18,500 B.t.u. 
oil, or 2.3 cents per gallon for 20,000 B.t.u. oil at 
efficiencies of conversion of 75 per cent and 80 per 
cent for coal and oil respectively. In the same man- 


per million B.t.u. in steam by msn 
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ner it may be seen that the equivalent cost of natural 
gas of 1000 B.t.u. per cubic foot and 75 per cent 
efficiency will be 16 cents per 1000 cubic feet. 

In making a comparison of fuels by means of this 
chart, it should be born in mind that the cost of 
one million B.t.u. in steam as given is the fuel cost 
only. The labor, maintenance and investment costs 
will also vary with the type of fuel used. 

It will be noted that the B.t.u. lines for oil 
are in inverse order to those for coal; that is, the 
cost of one million B.t.u. in fuel is higher for the 
oils of higher heat value than for those of lower 
heat value, expressed in B.t.u. per pound. This is 
because of the lighter density of the high B.t.u. oils. 
An oil with a heat value of 20,000 B.t.u. per pound 
will weigh about 6.8 pounds per gallon while an 
oil of 18,500 B.t.u. per pound will weigh about 
8 pounds to the gallon. 

The price of oil is quoted on a volume basis, that 
is, in cents per gallon while the heat value is deter- 
mined on a weight basis, B.t.u. per pound. The 
heat content of oil in B.t.u. per gallon is of more 
interest to the purchaser than the B.t.u. per pound. 
The approximate relation of the heat value per 
pound and the heat value per gallon is given in the 
chart below. The B.t.u. per gallon may of course 
be computed exactly when the B.t.u. per lb. and the 
specific gravity are known. 
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18,500 


135,000 


140,000 
Heat value - B.t.u. per gal. -60 deg. fahr. 


145,000 150,000 . 


Relation between heat value per pound and heat value per 
gallon for fuel oil. 
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YEAR ago, Marshall and Bird presented a 
paper in which a new method of measuring 
the agglutinating power of coal was described. The 
procedure used was to determine the strength of a 
button containing 10 parts sand and one part coal, 
formed by carbonizing the mixture in a crucible in 
an electric furnace. The result of the determination 
was reported as the total weight in grams required 
to bring about complete destruction of the button. 
Correlations were shown between the agglutinating 
value and some of the characteristics of the different 
coals that were investigated. This agglutinating 
test has been in use fairly continuously during the 
past five years for coals of widely differing coking 
qualities, and it has shown reasonably concordant 
results accurate enough for commercial use, although 
there are many features of the test which should 
have further scientific study. 
During the past year a study has been made of 
some coals of low coking strengths, and incidental 
to the main investigation some data which appear 


Loss in Agglutinating Power of Coal 
Due to Exposure 


possess coking qualities, the coking strength is re- 
duced by the exposure. These tests gave an oppor- 
tunity to learn how the analyses and agglutinating 
qualities compared. Samples of each coal ground 
to 40 mesh were exposed in a thin layer for a number 
of months in the laboratory under conditions much 
more favorable to oxidation than obtain in practice. 
The results which follow show that there was an 
increase in the oxygen contents and a very definite 
decrease in the agglutinating values due to the 
exposure. 

The results of the coking index measurements are 
given in Table 2. The samples were kept in sealed 
jars from the time they were mined until they were 
tested; nevertheless some decrease in strength un- 
questionably occurred prior to the initial test. This 
is indicated by the results obtained with samples 
RG and SG. It is probable, however, that the ag- 
glutinating value shown by the first tests is not 
more than 10 per cent below the strength of freshly 
mined coal for coals SA and RA and less for coal P. 


Tasie 1.—Cogl Analyses 








ProxIMaTE ANALYSIS Urtrmarte ANALysis 
Coa Volatile Fixed H, N, S, 
Ash, Matter, Carbon, c. Per Per Per oO, 
Per Cent Per Cent Per Cent Per Cent Cent Cent Cent Per Cent 
MOISTURE-FREE 
| TPPereae es: 16.11 39.95 43.94 67.50 5.35 1.62 0.84 8.78 
rer 15.80 38.39 45.81 68 . 50 4.99 2.34 0.94 7.34 
Frestick wire den 6.02 40.41 53.57 75.88 5.39 1.69 1.07 9.95 
MOISTURE-FREE AND ASH-FREE 
Re ricsivect 47.63 52.37 80.47 6.14 1.93 1.00 10.46 
OS a 45.60 54.40 81.35 5.93 2.89 1.11 8.72 
RE SS 43.02 56.98 80.73 5.74 1.80 1.14 10.59 








to be of interest and value were obtained on the loss 
in agglutinating power caused by exposure to the 
air. Three coals were investigated, all of which 
were of the Tertiary age; two were from one field 
in Asia, and one from a field in the United States. 
The three were similar, as shown by the proximate 
and ultimate analyses in Table 1, except for the ash 
content. In the second section of Table 1 the figures 
have been put upon an ash-free basis. 

As a general rule, coals initially high in oxygen 
absorb more oxygen readily, and if they initially 





* This paper was presented before the American Institute of Mining 
and Metallurgical Engineers at their annual meeting, February 17 to 20, 
1930. It represents work done under a co-operative agreement between 
the U. S. Bureau of Mines and the College of Mines, Seattle, Wash. 
The authors are S. M. Marshall, Consulting Engineer in New York; H. 
F. Yancey, Acting Supervising Engineer, U. S. Bureau of Mines, North- 
west Experiment Stacion, Seattle, Wash., and A. C. Richardson, As- 
sistant Mining Engineer, U. S. Bureau of Mines, Southern Experiment 
Station, Tuscaloosa, Ala. 
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Tests on Coals SA, RA and P in Table 2 show 
clearly that there is a definite and continued reduc- 
tion in the agglutinating value as the coal is ex- 
posed to oxidation. From the analyses, all of the 
coals seem to be alike, yet RA and SA drop off 
with far greater rapidity in their coking values than 
P. This may be due to an increased susceptibility 
to oxidation, or other deterioration, because of a 
slight absorption which occurred in the sealed jar 
during the period of several weeks between mining 
and testing. This is partly demonstrated by a second 
series of tests made upon coals SA and RA, but upon 
separate samples from jars that were sealed for a 
much longer time before the initial test was made. 
The interval between zero days in these two tests 
is 139 days. The results of these second tests are 
also shown in Table 2. 

From these tests it is apparent that during the 
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long interval of 139 days there was a reduction of 
approximately tooo g. in the agglutinating value 
of both of these coals, but that after the jars had 
been opened and the coals exposed to the atmosphere 
there was a further drop of over 1500 g. in 7 days, a 
much more rapid diminution in strength than was 
shown by the original samples RA and SA in the 
same period. 

No similar study was made of coal P, but from 
some meager data obtained during the course of 
the general investigation, the authors formed the 
opinion that this coal will not deteriorate with 
such rapidity after storage. 

In Table 3, are given the original analyses (tabu- 
lated earlier), together with those made after in- 
tervals of 253 days for coals RA and SA and of 178 
days for coal P. The outstanding changes are: re- 
ductions in the volatile contents, which range from 
0.5 to 2 per cent; reductions in carbon, which for 
coals RA and SA amount to 2.5 to 3 per cent and 
for coal P to about 1 per cent; and increases in 
oxygen, which range from 1.06 to 3.46 per cent. 

There is a much greater change in the analyses 
of coals RA and SA, which are from adjacent mines, 
than in coal P, which came from a totally different 
field. The difference in deterioration is evidenced 
also by the lesser reduction in the agglutinating 
value of coal P, as shown in Table 2. 

As far as the agglutinating value is concerned, 
the most significant feature of Table 3 is the increase 
in oxygen content. Only two ultimate analyses 
were made. Consequently, the variation in the rate 
at which the oxygen was absorbed is unknown. 
That the absorption does not occur at a constant 
rate has been shown by many researches; Davis and 
Reynolds in Technical Paper 409 of the U. S. Bureau 
.of Mines, Bone in his ‘Coal and Its Scientific Uses,’’ 
and many other investigators have found that the 
absorption and retention of oxygen are more rapid 
during the early period of exposure than during the 
later period. A straight line does not represent the 
increase of oxygen with time; the curve rises more 
tapidly during the first days and tends to flatten 
out later. Undoubtedly, the coals studied would 
have shown the same relation had more ultimate 
analyses been made. 


Table 2 shows this characteristic in the réduction 
of the agglutinating value. The decrease in the 
value during the first days is much more rapid than 
during the later part of the exposure, as the last 
column indicates. For coals SA and RA the reduction 


TaBLe 2.—Agglutinating Values 





Reduction in 
Interval Approximate Agglutinat- Agglutinating 
Coal Between ime after ing Value per Day 
Tests, Days Mining, Days Value of Interval, 
Per Cent 
First Tests: 
eee 0 60 3469 47.8 
54 114 887 
121 181 488 5.9 
ae 0 60 3550 
59 119 817 46.3 
106 166 606 4.§ 
131 191 531 3.0 
| Re 0 20 3729 
30 50 2810 30.6 
64 84 2475 9.9 
Second Tests: 
ee 0 199 2500 
7 206 894 229.4 
14 213 650 34.9 
WO 6 5 fu 33 0 199 2580 
7 206 989 277.3 
14 213 431 79.7 











in value per day during the first periods of 54 and 59 
days averages 47 g., while the reduction toward 
the end of the exposure is from 3 to 6 g. per day. 


Conclusions 


Approximate comparisons were made between the 
drop in the agglutinating value and the probable 
increase in oxygen retention, based upon the results 
of other investigators, and the general forms of the 
curves were found to be similar. The data are not 
complete enough to permit final conclusions to be 
drawn, but the indication appears to be that the 
rate of loss in agglutinating power follows closely 
the rate of increase in the oxygen content of the 
coal. A further and more complete investigation of 
this feature is warranted. The agglutinating meas- 
urement seems sufficiently reliable to give concor- 
dant results for such an investigation. 


Taste 3.—Moisture-free and Ash-free Basis 








PROXIMATE ANALYSES Uxtrmate ANALYSES 
Approxi- 
Inter- mate Time 
Coat val, after Volatile Fixed H, N, S, 
Days Mining, Matter, Carbon, ¢ Per Per Per O, 
Days Per Cent PerCent Per Cent Cent Cent Cent Per Cent 
Sire ecu soa hineks 0 60 47.63 52.37 80.47 6.14 1.93 1.00 10.46 
253 313 45.63 54.37 78.03 6.02 1.90 0.97 13.08 
RAs hs che ee ad 0 60 45.60 54.40 81.35 5.93 2.89 1.11 8.72 
253 313 44.57 55.43 78.04 5.87 2.82 1.09 12.18 
Winks ed ieee he ka 0 20 43.02 56.98 80.73 5.74 1.80 1.14 10.59 
178 198 42.47 57.53 79.89 5.54 1.79 1.13 11.65 
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Submerged Combustion 
(Continued from page 40) 


duces in this time 5 tons of finished phosphoric 
acid 110 deg. Tw. concentrated: from the 4o deg. 
Tw. product. Also another installation turns out 
334 tons of concentrated sulphuric acid (R. O. V.) 
160 deg. Tw. per week from 60 deg. Tw. chamber 
acid, or 164 tons of 144 deg. Tw. acid from 120 
deg. Tw. acid. The over-all thermal efficiency of 
evaporation or concentration in such installations 
is about 90 per cent, calculated upon the net calorific 
value of the fuel. 


























Fig. 7—Installation of Hammond Vortex dyeing drums 


Further applications in commercial use, as already 
indicated, are the polymerisation of linseed oil (by 
heating to 300 deg. cent.) the melting of white metals 
such as lead, tin, antimony, silver, and solder, and 
dyeing and cleaning using, for example, a closed 
vortex drying drum, having a submerged combus- 
tion burner in the circuit with continuous, very 
rapid travel of the hot liquid through the goods, 
giving an effective penetration. 

In concluding, the author wishes to express his 
appreciation to Messrs. Submerged Combustion, 
Ltd., and Mr. C. Featherstone Hammond for kindly 
allowing full inspection and for the valuable assis- 
tance in connection with the preparation of this 
article, as well as for the illustrations. 
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Thermal Changes in Water and Steam 
( Continued from page 36 ) 

steam and (1—x)=0.8021 lb. of water present after 
heating. The initial total heat is 355.33 +842.4X 
0.1=439.6 B.t.u. per lb. The final total heat is 
42.4.2+779.8 X0.1979=578.5 B.t.u. per lb. For the 
initial condition, we have 

144X200 X0.2451 








A pv= 378.6 =9.1 B.t.u. per lb. 
For the final condition, we have 
144X400 X0.2451 
A pv= 778.6 =18.1 B.t.u. per lb. 


Hence, the initial internal energy is 439.6—9.1 = 
430.5 B.t.u. per lb. and the final internal energy is 
578.5 —18.1 = 560.4 B.t.u. per lb. The heat added is 
therefore 560.4—430.5 =129.9 B.t.u. per lb. 


References 


Clausius’ textbook on the Mechanical Theory of 
Heat (translated by W. R. Browne) and Rankine’s 
Manual of the Steam Engine and Other Prime Movers, 
are of historical interest in discussions on thermal 
changes in water and steam. More modern text- 
books on thermodynamics by Zeuner, Goodenough 
and others may be consulted. 





Combustion Characteristics of 


Gaseous Fuels 
( Continued from page 30) 


hydrogen in mixed natural gas assists its ignition 
considerably. The effect of large quantities of 
moisture in lighting newly constructed furnaces 
usually makes it difficult to maintain good igni- 
tion until the furnace is dried out. A rich mix- 
ture seems to aid combustion under such condi- 
tions. 

4. Insulation: Preventing heat losses from the flame, 
by radiation or conduction, increases its combus- 
tibility. Flames impinging upon cold boiler sur- 
faces often result in incomplete combustion. Burn- 
ers firing into refractory tunnels completely sealed 
from air infiltration ignite more readily than 
those firing through open ports. 

5. Furnace Pressure: A high draft or strong suction, 
especially on burners firing through open ports, 
may pull the flame off the burner such as when 
applied to boilers. Maintenance of but slight 
draft or a faint back pressure often renders com- 
bustion more effective. 

The manufacturers of burners have by actual test 
determined the capacities and recommended practices 
for their equipment so that burners can be obtained 
for any conditions desired that will give highly 
satisfactory results for a great range of operation, 
with considerable flexibility and uniform flame char- 
acteristics from minimum to maximum fuel con- 
sumption. 
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NEWS 


Pertinent Items of Men and Affairs 





E.R. Fish Made Hartford 
Chief Engineer 


HE Hartford Steam 

Boiler Inspection and 
Insurance Company, Hart- 
ford, Conn. announced 
the appointment of Ed- 
wards R. Fish as chief 
engineer of its Boiler Di- 
vision, effective May 1. 
Mr. Fish, formerly vice- 
president of Heine Boiler 
Company, St. Louis, was 
made consulting engineer 
of the Boiler Engineering 
Department of Combus- 
tion Engineering Corporation, New York, when 
that organization acquired the Heine Company in 
1927. 

"Leite a member of the boiler code committee of 
the American Society of Mechanical Engineers, Mr. 
Fish is chairman of the sub-committee on unfired 
pressure vessels. He is also a member of the society's 
power test code committee and chairman of its sub- 
committee on boiler testing. He is a former presi- 
dent of the American Boiler Manufacturers’ Asso- 
ciation, is now a director of the American Uniform 
Boiler-Law Society and has been on the council of 
the American Society of Mechanical Engineers. 

Mr. Fish is a native of Georgia, received his 
early technical education at the St. Louis Manual 
Training School, and graduated with the degree of 
Mechanical Engineer from Washington University. 





E. R. FISH 


G. B. Cunningham, Assistant Sales Manager of 
Federal Phosphorus Company, a division of The 
Swann Corporation, has been transferred from the 
home office at Birmingham, Alabama, to the com- 
pany’s New York office, 1239 Graybar Building’ 

Mr. Cunningham is directing sales of diphenyl, 
a new basic chemical which finds direct use as a 
heat transfer medium, particularly in the process 
industries where accurately controlled temperatures 
are required. 


@ 
E. A. Doyle, Consulting Engineer of the Linde Air 
Products Company, New York, was elected President 
of the American Welding Society at the annual 
meeting of the society held April 25, 1930. 
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Utility Investments Exceed 
$26,500,000,000 


More than $26,500,000,000 is now invested in the 
public utility business in this country, exclusive of 
steam railroads, by more than 3,000,000 investors, 
according to the annual public utility survey made 
by Bonbright & Co., Inc., New York. This figure 
represents an increase of $1,000,000,000 in the past 
year. The largest investment in any one branch of 
public service is in the electric light and power 
field where the amount is approximately $11,100,- 
000,000. This compares with about $5,353,000,000 
in electric railways, $4,557,000,000 in telephone and 
telegraph companies and $4,750,000,000 in the manu- 
factured and natural gas industry. Approximately 
$ 900,000,000 is invested in privately owned water 
supply facilities . An interesting feature of the report 
is that the total investment for electric railways 
decreased slightly during the year. 


Combustion Engineering Corporation, New York 
announces the appointment of A. C. Weigel as 
Manager of its Boiler Department, effective May 15. 
Mr. Weigel was formerly Assistant General Sales 
Manager of the Company. 


The Dampney Company of America of Hyde Park, 
Boston, Mass., announces the appointment of R. G. 
Ingram to supervise its Sales Agencies in the Middle 
West. Mr. Ingram will maintain his headquarters 
at One La Salle Street, Chicago. 


The Brown Instrument Company, Philadelphia, 
announces the consolidation of its Chicago Sales 
Office and Midwestern Factory Brarich in new quar- 
ters located at 155 East Superior Street, Chicago, 
Illinois. Practically double the former space has 
been provided in line with the growth of business 
throughout the Middle West. 


Five-Year Coal Research Program 
For Carnegie Institute of Technology 


Contributions amounting to $425,000 have been 
pledged to finance a five-year coal research program 
at Carnegie Institute of Technology, Pittsburgh, 
according to a recent announcement by Dr. Thomas 
S. Baker, president. 

The Buhl Foundation will contribute $50,000 for 
the equipment of a research laboratory and $25,000 
a year for five years. The United States Steel Corpo- 
ration, General Electric Company, Koppers Com- 
pany, New York Edison Company, Standard Oil 
Company of New Jersey and the Westinghouse 
Electric and Manufacturing Company will jointly 
contribute $50,000 annually for the five year period 
for the operation and maintenance of the laboratory. 
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NEW EQUIPMENT 


of interest to steam plant Engineers 





New Extended-Surface 


Economizer ° 


AY™ several successful experimental in- 
stallations the C-E Economizer, Fin-tube 
type, has been placed on the market by Com- 
bustion Engineering Corporation, New York. 
This economizer has been developed to meet 
an insistent demand from the power industry 
for a more efficient and compact unit capable 
of wider application. This economizer can 
be installed in considerably less than half the 
space required for a straight, plain-tube econ- 
omizer of equivalent heating surface. The 
principal features, as shown in the illustration 
below, are the external return bends, the in- 
ternal return bends, the tube arrangement and 
the use of finned tubes which provide addi- 
tional heat-absorbing surface. . 

The heat-absorbing elements are constructed 
by connecting a U-bend to two straight tubes 














and so forming a U-tube. The open ends of 
each U-tube are connected serially by return 
bends located outside the end-plates, to the 
tubes directly above and below. The adjacent 
vertical tube sections are arranged so that the 
open ends of the U-tubes alternately enter one 
end and the other of the economizer casing. 
The water circulation is separated into two 
circuits, one running through the U-tubes con- 
nected by the return bends at one end of the 
economizer and the other through the U-tubes 
connected by return bends at the opposite end. 
A distinct advantage of the two separate water 
circuits is that the water flows through only 
one-half the tube distance as compared with 
the plain-tube, single-circuit type of econo- 
mizer. With extended surface in the form of 
fins, the tube length is still further reduced 
resulting in such a decrease in the frictional 
resistance that the water pressure drop is about 
one-fifth that of the plain-tube, single-circuit 
type of economizer. Both circuits are served 
by common inlet and outlet headers. 

The compactness of the unit is derived 
principally from the fin-tube design which re- 
duces the tube-length per square foot of heat- 
ing surface, and the return bend arrangement 
which permits the tubes to be nested closely 
together so that the space they occupy is: less 
than half the space required for a straight tube 
economizer of equal heat-absorbing surface. 
The end plates are designed to permit their 
being quickly and easily removed for the in- 
specting and cleaning of the tubes. 


48 


Smoke and Soot Washer 


| epseengear of the method of firing, each 
steam plant chimney contributes to air 
pollution. With stoker firing, the emissions 
include fine cinders. With pulverized tue 
firing, fly-ash is discharged, while soot 1s 
thrown out when tuel oil is burned. The 
release of sulphur fumes is common to all 
fuels which contain sulphur, and, with faulty 
combustion, smoke may be produced with any 
fuel. 

There is a rapidly increasing demand for 
some simple and reliable method of minimiz- 
ing ait pollution and to meet this need the 
American Smoke and Soot Washer Company, 
Inc., 55 West 42nd Street, New York, has de- 
veloped a spray-type washer which is shown 
below. 

The washer consists essentially of two 
cones, the first A being directly on top of 
the existing stack. A second cone B, having 
a rounded top and of a diameter somewhat 
larger than that of the stack, is supported 
above the top of the stack. Two water spray 
rings are located inside of the top cone, near 
its lower edge and these rings are provided 
with flat spray nozzles so spaced as to produce 
a double annular curtain of water completely 
surrounding the top of the stack. 

The gases pass upward in the stack until 
they are deflected by the top cone B which 
directs them through the double spray, thence 
through the annular space between the upper 
and lower cones and to the atmosphere, as 
shown by the arrows. 

Circular baffles are provided to make cer- 
tain that all of the gas passes through the 
double spray and that none short circuits 
through the spaces between adjacent nozzles. 
The spray rings are of copper and the nozzles 
are of tobin bronze. Corrosion resisting metal 
is used for the body of the washer and several 
coats of protective paint are applied. 

The drain C leads to a tank which is pro- 
vided with screens and baffles to catch the 
solid matter that is washed out of the stack 
gases. The water is then recirculated by a 
motor-driven centrifugal pump which main- 
tains a pressure of 20 to 30 Ib. at the nozzles. 

The operation of the nozzles may be ob- 
served from the walkway which surrounds 
the washer. 

With minor changes in design, the washer is 
also applicable to concrete or brick chimneys. 





New Gas Burner 


Tx Freyn Engineering Company, Chicago, 
Illinois, has announced a new gas burner 
which is applicable to steam boiler use. The 
illustrations below show both vertical and 
horizontal cross sections of this new pressure 
burner. 

The salient features of the Freyn burner 
are: 

1. Multiple gas and air ports provide inti- 
mate mixing of gas and air. 

2. Gas and air ports are refractory lined, 
thereby presenting no metal surface to furnace 
temperatures. 

3. Arranged to be operated by. any system 
of automatic combustion control. 

4, Suitable for any gas temperature or pres- 
sure and for any air temperature or pressure. 

5. Built to any desired capacity and to suit 
any furnace width. 


SECTION-2-A" 
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Access doors are provided in the front 
panel of the burner, opposite each opening 
into the furnace. 
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REVIEW OF NEW TECHNICAL BOOKS 


Any of the books reviewed on this page may be secured from 
In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 





Elements of Engineering 
Thermodynamics 
By Moyer, Calderwood and Potter 


HIS book has been widely used as a standard 

text on the subject. The new edition is the fourth 
to be published and has been thoroughly revised 
and brought up to date. The aim behind much of 
the revision has been to treat the fundamentals in 
such a way that they will be thoroughly under- 
stood, not merely memorized. 

The phases of the subject covered are,—thermo- 
dynamic principles and definitions; properties of 
perfect gases; thermodynamic processes of gases; 
cycles of heat engines using gas; properties of vapors; 
entropy; thermodynamic processes of vapors; vapor 
cycles; flow of fluids; application of thermodynamics 
to compressed air and refrigerating machinery. 

New material includes the theory of the hot air 
engine and internal combustion engine cycles. The 
appendix includes logarithmic tables, the proper- 
ties of gases, the properties of steam, ammonia, 
sulphur-dioxide and carbon dioxide; also a repre- 
sentative list of reference books. 

The book is 6 by 9 overall and contains about 
200 pages. Price $2.50. 


Heat Power 
By Norris and Therkelsen 


HIS volume is intended to serve as an introduc- 

tory course in the principles of heat power for 
students in engineering. It is based on the premise 
that today everybody knows something about the 
principles of operation of the internal combustion 
engine and this assumed knowledge is used as a 
starting point for the development of the fundamen- 
tals of heat power. The authors have therefore 
deferred the presentation of steam power plant 
machinery and equipment until the more familiar 
internal combustion engine has been covered, in 
the thought that this arrangement facilitates the 
approach to thermodynamics. 

Throughout the text fundamental principles rather 
than practice or mechanical details are emphasized. 
Empirical formulas have been avoided and insofar 
as possible rational formulas have been developed 
from basic facts. Although the treatment of the 
subject is necessarily mathematical, mathematics has 
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been used as a tool and not for the purpose of devel- 
oping mathematical agility. Examples are worked 
into the text and a series of study problems are 
placed at the end of each chapter. 

As already indicated, the first part of the book 
covers internal combustion engines of all types, 
followed by a discussion of the principles of com- 
bustion, work and power, heat and work, and the 
various cycles. The second part of the book per- 
tains to various types of steam engines, steam tur- 
bines, condensing equipment, steam boilers, boiler 
fuels and furnaces, and boiler performance. 

This book is thoroughly up to date, as indicated 
by the fact that the section devoted to steam plant 
equipment contains illustrations and descriptions of 
the most modern stoker and pulverized fuel furnace 
and boiler arrangements. 

Including a comprehensive index, there are 375 
pages. The book is substantially bound in stiff 
covers, 6 by 9 overall. Price $3.50. 


Piping Hand Book 


Walker and Crocker 


HIS book represents a very comprehensive com- 

pilation of reference information on piping. The 
following list of chapter headings indicates its scope: 
Definitions, Formulas and Tables; Fluids—Proper- 
ties of Fluids; Metallurgy of Piping Materials; Pipe, 
Valves and Fittings; Heat Insulation; Hangers and 
Supports; Expansion and Flexibility; Steam Power 
Plant Piping; Building Heating Systems; Plumbing 
Systems; Underground Steam Piping; Water-Supply 
Piping; Fire-Protection Piping; Oil Piping; Gas 
Piping. 

The chapter on expansion and flexibility warrants 
particular mention. This subject, which has engaged 
the attention of numerous investigators, is fully 
covered, and simple methods are given for comput- 
ing the expansion stresses and anchor thrusts in 
pipe lines. The chapter on steam power plant piping 
also contains some especially valuable information. 

The data presented on each phase of the subject 
is well arranged and complete. Numerous examples 
are given to facilitate the use of the information 
and formulas presented. 

This book is attractively bound in semi-flexible 
fabrikoid covers, 5 by 74 overall and contains 763 
pages. Price $5.00. 
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NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. Address your 
request direct to the manufacturer and mention COMBUSTION Magazine 





Boiler Water Conditioning 

“Controlled Results in Boiler Water Con- 
ditioning” is the title of a new bulletin which 
describes the work of Dr. R. E. Hall and his 
associates of Hall Laboratories, in cooperation 
with the United States Bureau of Mines. The 
increased size of steam units, the higher pres- 
sures and temperatures, and the higher rates 
of driving, have presented a complex problem 
of feed water conditioning. The present bulle- 
tin outlines what is described as the most 
extended and elaborate investigation ever un- 
dertaken in connection with boiler water con- 
ditioning. 16 pages, 814 x 11—Hagan Cor- 
poration, Pittsburgh, Pa. 


Combustion Control 


Bulletin No. 660 presents L & N Metered 
Combustion Control equipment which is of- 
{ered to provide automatic control of the rate 
of combustion in accord with the demand for 
steam, to maintain uniform header pressure 
with efficient combustion and correct furnace 
pressure. With proper control, each furnace 
is supplied with the quantity of fuel that is 
required for the load on the boiler, and the 
quantity of air that will insure minimum loss 
due to incemplete combustion and the escape 
of heat in the exit gases. With L & N Con- 
trol, metered quantities of fuel and air are 
supplied automatically to meet these condi- 
tions. 32 pages and cover, 814, x 11—Leeds 
and Northrup Company, 4901 Stenton Ave- 
nue, Philadelphia, Pa. 

Draft Gages 

Bulletin No: 12 presents the Ellison Pointer 
Draft Gage (Dial Type). This is a new 
model and is available in one, two and three 
pointer types. The gage is of rugged con- 
struction and has a powerful movement 
mounted on knife edge bearings. The gage is 
designed for draft measurement, minus, plus, 
or differential and for air and other gases up 
to five inches water pressure, using oil. For 
higher readings, mercury is used. The con- 
struction is described in detail and many illus- 
trations are included. 8 pages, 814 x 11— 
Ellison Draft Gage Company, 214 West 
Kinzie Street, Chicago, Ill. 


Dust Recovery 


A new booklet “Dust Problems’ ap- 
proaches the subjects of dust nuisance and 
dust recovery in a remarkably clear and com- 
prehensive manner. The successful solution 
of a dust problem is largely dependent on the 
proper selection of dust collecting equipment. 
Each case presents many individual problems 
which are better analysed by considering each 
of the following factors: (1) the application; 
(2) dust characteristics; (3) volume and 
temperature of gases; (4) dust loading of the 
gases; (5) relative humidity of the gases; (6) 
chemical analysis of the gases. Many charts, 
graphs and tables are included which present 
information not readily available elsewhere. 
70 pages and cover, 81/4 x 11—Dust Recovery, 
Inc., 15 Park Row, New York. 


Feed Water Heaters 


Bulletin S-18 describing Swartwout Feed 
Water Heaters has been reprinted. The 
Junior Heater is designed for small plants 
whose boiler capacity does not exceed 250 hp. 
For larger capacities the Swartwout All Serv- 
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ice Feed Water Heater is offered. Exhaust 
steam is used to heat the boiler feed water up 
to 208 to 212 deg. fahr. before it is fed to the 
boiler. An oil separator, built into the heater 
removes oil from the exhaust steam thus mak- 
ing the surplus steam or water available for 
any use. The operation is automatic, simple 
and reliable. Numerous illustrations show the 
details of design and principle of operation. 
Dimension sheets and tables are included. 
28 pages, 814 x 11—The Swartwout Com- 
pany, Cleveland, Ohio. 


Heat Resisting Enamels 


Ce-Co Enamels for engines, machinery, 
pipe lines cement floors and general utility 
are presented in a new bulletin. Ce-Co En- 
gine enamel is heat resisting and ordinary 
shades stand temperatures up to 250 deg. fahr. 
For higher temperatures Ce-Co Interior Heat 
Resisting Paint is recommended, the lighter 
shades of which are satisfactory up to 300 deg. 
fahr., while the dark shades will withstand 
temperatures up to 400 deg. fahr. Ce-Co Ce- 
ment .Floor Enamel penetrates the pores of 
the cement and provides a dustless, oil and 
waterproof finish. A wide range of special 
enamels is available to meet practically every 
industrial plant need. Suggested color 
schemes are included to distinguish pipe lines. 
Cheesman-Elliott Company, Inc., 639 Kent 
Avenue, Brooklyn, N. Y. 


Pump Governor 


The Copes Type DS Pump Governor is de- 
scribed in folder No. 111. This device is 
presented as a simple, rugged and dependable 
governor which is designed for a maximum 
excess pressure of 75 Ib. and can be installed 
on simplex, duplex or triplex pumps, and on 
turbine or motor driven centrifugal pumps. 
It is suitable for excess pressure service in 
boiler feeding; differential reducing valve 
service on motor-driven centrifugal pumps; 
relief valve service on belt or gear driven 
pumps. Numerous illustrations show con- 
struction details. 4 pages, 814, x 11—North- 
ern Equipment Company, Erie, Pa. 


Refractory Gun 


The Quigley Refractory Gun uses a pre- 
mixed plastic refractory material composed of 
Hytempite, a refractory cement, mixed with 
crushed old firebrick. This plastic mixture 
when shot at high velocity, will stick to either 
a hot or cold wall owing to the force of 
its application, in cases where troweled or 
rammed-in applications might fail to hold. 
The gun has a wide field of use in the repair 
and maintenance of furnace linings, soeline 
hot patching and surface coating. 12 pages, 
34 x 644—Quigley Furnace Specialties Co., 
56 West 45th Street, New York. 


Scotch Marine Boilers 


New Bulletin No. 216 describes the Leffel 
line of Scotch Marine Boilers. These boilers 
are self contained and portable and are built 
to A.S.M.E. code specifications in a wide 
range of sizes from 6 hp. to 200 hp. Various 
types of firing equipment are shown includ- 
ing, hand firing, stoker firing, oil or gas firing, 
and wood firing. The Leffel Underfeed 
Stoker, especially adapted to Scotch Marine 
and other internally fired boilers is illustrated 
and briefly described. Specifications and data 


are included. 24 pages and cover, 81 x 11— 
The James Leffel & Co., Springfield, Ohio. 


Small Stoker 


The Whiting Stoker is presented in folder 
H-47. This stoker represents an entirely 
original design, exclusively developed for 
small boilers, from 25 hp. to 250 hp. and 
may be installed with a minimum setting 
height. The movement of the fuel bed is 
horizontal, ing it easy to maintain an even 
fuel bed of uniform thickness, hence the cor- 
rect application of air at low static pressure 
is possible. The ash and refuse are continu- 
ously and automatically discharged, as 
formed, from the rear of the grates to the ash 
pit below. 4 pages, 814 x 11—Whiting Cor- 
poration—Harrington Division, Harvey, Ill. 


Speed Reducers 


Jones Herringbone Speed Reducers are de- 
scribed in a new catalog No. 45. These speed 
reducers are available in both single and 
double types, are fully enclosed and self con- 
tained. The gears are accurately generated, 
the housings are particularly rugged an 
large roller bearings are used throughout. A 
large oil reservoir in the lower portion of the 
housing provides for copious bath lubrica- 
tion. Tables and data sheets are included. 80 
pages and cover, 814x11—W. A. Jones 
Foundry and Machine Co., 4401 Roosevelt 
Road, Chicago. 


Underfeed Stoker 


The Iron Fireman, an automatic underfeed 
stoker for boilers up to 200 hp. is illustrated 
and described in a new catalog, No. 30. Five 
charts, in color, illustrate the advantages of 
underfeed firing while twelve sketches are 
presented to show the application of this 
stoker to a wide range of Case and setting 
conditions. The details of construction are 
well shown and complete specifications and a 
dimension chart are included. 16 pages and 
cover, 814 x 11—Iron Fireman Manufactur- 
ing Company, Portland, Oregon. 


Water Cooled Furnace Wall 


Drake Armor-Clad Water Walls are pre- 
sented in Bulletin No. 105. The construction 
consists of a continuous wall of metal blocks 
cast on standard seamless boiler tubes which 
are rolled into headers and connected into the 
boiler circulation. The details of construction 
and a, typical installation are illustrated. 8 
pages, 81/4 x 11—Drake Non-Clinkering Fur- 
nace Block Co., 5 Beekman Street, New York. 
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7 OPEN or SHUT 


No Wire Drawing, 
Cutting or Scoring 


HE sealing valve and the rotary 
gate valve of the Cochrane One- 
piece, Forged-steel Tandem 
Blow-off Valve are opened and closed 
only when there is no flow—during 
the actual blowing down they are in 
protected positions, out of the path of 
the discharge. A separate check disk 
takes all the wear of opening and clos- 
ing under flow. In the operation of 
the rotative valve, it is first loosened 
from its seat before being rotated, 
avoiding abrasion by grit. All valve 
parts are made of stainless steel, 
hardened and ground. 


This valve gives entirely satisfactory 
service under modern high pressure, 
high temperature conditions. 


Ask for Bulletin IC-1524 
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3160 North 17th Street, Philadelphia, Pa. 
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Equipment to Available Coal.............. (July 1929) 


McQuade, J. D 
Hayes Process Low Temperature Carbonization Plant at 
DIGUNGSTIIC, W.VA ERC i Soc ce ce c vows (Nov. 1929) 

Moberg, A. R. 


Is Soft Water the Criterion of Scale Prevention? 


(March 1930) 

Mumford, A. R. 
A Winter Morning Load Pick-Up.......... (Jan. 1930) 
Feed Water Treatment of Special Importance at High 
RMtCG OT DOOBORMOO Sc ivieicc sv ccsieccccsas (Sept. 1929) 


Myers, David Moffat 
Power and Heat Should be Coordinated. Feature Editorial. 
(Sept. 1929) 


Partridge, E. M. 
Is Soft Water the Criterion of Scale Prevention? 


(March 1930) 
Peebles, T. A. 


Principles of Automatic Control for Steam Boilers 
(Oct. 1929) 
Selection of Stoker Drives, The.............. (Jan. 1930) 
Pigott, R. J. S. 
Heat Absorbing Surfaces in Modern Boiler Furnaces. 


(July 1929) 
Plapp, E. B. 
Natural Gas Burner Applications......... (March 1930) 
Popkin, Martin E. 
Engineering. Feature Editorial........... (March 1930) 
Engineer and His Place in our Industrial Society, The. 
(Oct. 1929) 
Price, Edward P. ‘ 
Phosphate Treatment of Boiler Water....... (Jan. 1930) 


Reiter, Fred M. 
Combustion Characteristics of Gaseous Fuels. (June 1930) 
Renkin, W. O. 
Fuels and Furnaces in Heat Treatment of Steel. 
(March 1930) 


Savage, H. D. 

Recent Developments in Stoker Design...... (Nov. 1929) 
Sennhauser, Walter 

Practical Economies from Dry Quenching of Coke. 


(Sept. 1929) 
Shoudy, W. A. 
Economies in the Generation and Distribution of Power. 


(May 1930) 
Steam Pressures for Industrial Plants Determined by Ra- 
RIOR: DRCOOED 6 6 05 60.0-0:d scene Sale d tated ts (Aug. 1929) 


Stripe, Carl : 

Standards of Steam Generation Move Up, The.(July 1929) 
Struthers, William A. ‘ 

From Towering Firs to Kilowatts......... ', (Feb. 1930) 


Toensfeldt, Kurt 
Correct Boiler Design an Essential Factor in the Produc- 
ee ey eee eee Tee (Sept. 1929) 


Witherspoon, B. H. 
What Do I Wish? 


Wood, W. R. : 
Mergers of Men and Equipment. 


What Can I Do? Feature Editorial. 
(May 1930) 


Feature Editorial. 
(Nov. 1929) 


19 


30 


32 


25 


29 


31 


27 


50 


28 


21 
47 
43 


23 


21 


39 
25 


29 
24 
19 
25 
35 


28 


38 


40 


47 


30 
23 
34 
25 


40 


17 


23 


June 1930— COMBUSTION 














T. A. Marsh Heads Stoker Company 


T. A. Marsh was made 
president of the Modern 
Coal Burner Company, a 
subsidiary of the Peabody 
Coal Company, Chicago, 
on May 1. 

In combustion circles 
Mr. Marsh is widely rec- 
ognized as an authority 
on coals and stoker appli- 
cation. For the past seven 
years he has been western 
engineer and district rep- 
resentative of the Com- 
bustion Engineering Corporation, and before that 
time he served for ten years as chief engineer of 
the Green Engineering Company. 

The Modern Coal Burner Company manufactures 
stoker equipment for small boilers and it is said 
that an enlargement in the sales and manufacturing 
activities of the company is behind the appointment 
of Mr. Marsh. The sales and engineering divisions 
of the company will be located in new quarters at 
3733 Lincoln Avenue, Chicago, Illinois. 





T. A. MARSH 


The Edward Valve & Manufacturing Company, 
East Chicago, Indiana, has appointed the Taubman 
Supply Corporation, Tulsa, Oklahoma, its sales rep- 
resentative in the Oklahoma and northern Arkansas 
districts. 

a 
The Springfield Boiler Company, Springfield, Illinois, 
announces that A. E. Duram has joined the Spring- 
field general sales organization and is cooperating 
with the various district offices in strengthening and 
extending the company’s sales activities. 


Two 160,000 kw. Generators for 


Brooklyn Edison Company 


Matthew S. Sloan, president of the New York 
Edison Company and associated companies, has 
announced that the General Electric Company has 
been given a contract to build for the Hudson 
Avenue Station of The Brooklyn Edison Company, 
two turbo-generators of 160,000 kilowatts (215,000 
horsepower) capacity each to meet the general 
growth of load on the system of five companies of 
which he is president. 

The total cost of the generators, boilers and other 
necessary equipment will be $18,000,000. Both 
machines are expected to be in operation in 1931. 
They will be of the most powerful single-shaft, 
single-unit design developed to date. The only other 
160,000 kilowatt single-shaft, single-unit turbo- 
generator in the world is located in the East River 
‘Station of The New York Edison Company. 
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Are You Missing a 
Big Opportunity 
to Cut 
Boiler Operation 


COSTS? 





Write for this catalog today! 


If you haven’t a copy of our 
catalog or have never tried R & E 
Refractory Cements we'll tell you, 
frankly, that you’re missing a big 
opportunity to cut down boiler 
operating costs. 


R & E Refractory Cements are 
so radically different that they 
will surprise you by their remark- 
able performances. Try a drum 
or a bag or two and be convinced. 


At least write for this catalog! 


REFRACTORY & ENGINEERING 


CORPORATION 
50 Church Street, New York, N. Y. 


Warehouses in 
Philadelphia, Baltimore, Pittsburgh, Chicago 
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STEAM TABLES 


AND MOLLIER DIAGRAM 


By Joseph H. Keenan 


Price $2.00 


Every engineer who has occasion to consult steam tables should have 


a copy of this new book in his possession. 


It has just been published 


by the A. S. M. E. and presents the most recent and accurate tables 
on the properties of saturated and super-heated steam available at this 


time. 


Prof. Keenan’s values are based upon the new data assembled 


by the A. S. M. E. Special Research Committee on the Properties of 
Thermal Steam which has been carrying on important experimental 
work for the past nine years. 


The first edition of this book is being rapidly depleted. To insure your 
getting a copy, send your order now to In-Ce-Co Publishing Corpo- 


ration. 


WATER SOFTENING AND 
TREATMENT, CONDENSING 
PLANT, FEED PUMPS AND 
HEATERS FOR STEAM 
USERS AND | 
MANUFACTURERS 

By W.H. Booth, 2nd Ed. 

Price $3.50 324 Pages 


As the title indicates, this book covers a 
variety of subjects and equipment. Under 
the treatment of water by softening, oil 
separation and filtration, are considered 
the characteristics of natural waters and 
their effects on boiler tubes, the equipment 
and materials used for the various meth- 
ods of treatment, oil separation, mechani- 
cal cleaners, etc. Chapters are also de- 
voted to air pumps, condensers and. cir- 
culating pumps and to feedwater heating, 
feed pumps and injectors. 





DESIGN OF STEAM BOILERS 
AND PRESSURE VESSELS 

By G. B. Haven 

Price $4.00 435 Pages 
In this book, which has been thoroughly 
revised and brought up-to-date, the most 


direct procedure possible in the design 
of pressure vessels has been incorporated, 





in order to harmonize still further the 
rational methods of both theory and prac- 
tice. The design of a water-tube boiler 
of the box-header type has been included. 





MATERIALS HANDLING 
EQUIPMENT 

By E. J. Tournier 

Price $4.00 371 Pages 


This book sets forth the results in service 
of those mechanical handling devices 
which are most frequently used, shows 
how these devices are adapted to differ- 
ent uses, indicates the methods by which 
a proper selection may be effected and 
serves as a guide to the most economical 
purchase of the machinery selected. 





STEAM GENERATION 
STEPS AHEAD 

By G. B. Gould 

Price $1.00 102 Pages 


The major emphasis of this book is on 
the selection of the most suitable and eco- 
nomical coal for steam plants. The au- 
thor’s discussion of the factors of plant 
design and plant operation with respect 
to their influence on coal selection will be 
of very definite value to those concerned 
with this problem. : 


INDUSTRIAL FURNACE 
TECHNIQUE 


By A. Hermansen 


Price $8.00 293 Pages 


This book compiles a mass of valuable 
data which will be of great assistance to 
furnace builders as well as those wishing 
to study this subject. As a whole this 
volume is the most complete treatise on 
furnace technique yet published and it 
merits the careful consideration of fur- 
nace designers and operators alike. 





STEAM, AIR, AND 
GAS POWER 


By W. H. Severns and H. E. Degler 
Price $4.00 428 Pages 


This book has been prepared as an ele- 
mentary text for use in courses dealing 
with Heat Engineering, where only a 
limited amount of work in the subject can 
be included. The aim has been to de- 
scribe briefly and clearly, typical and rep- 
resentative equipment and to explain the 
theory of such machines and devices. 


Postage prepaid on all orders accompanied by remittance or amounting to five dollars or over. 


IN-CE-CO PUBLISHING CORPORATION 


New York, N. Y. 


200 Madison Avenue 
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Standard Smoke Ordinance Proposed 


Because of the increasing importance of the smoke 
problem in American Cities, the United States Bureau 
of Mines has reprinted the ‘‘Proposed Standard 
Smoke Ordinance’’ which was prepared by a joint 
committee comprised of representatives of the Amer- 
ican Society of Heating and Ventilating Engineers, 
the Stokers Manufacturers’ Association, the Ameri- 
can Civic Association, and the Fuels Division of 
the American Society of Mechanical Engineers, and 
which was originally printed in Mechanical Engi- 
neering, May, 1924. 

Copies of this reprint, designated as Information 
Circular 6262, may be obtained from the United 
States Bureau of Mines, Washington, D. C. 


The American Society for Testing Materials will 
hold its thirty-third annual meeting, June 23 to 
27 at the Chalfonte-Haddon Hall, Atlantic City, 
N. J. 

A comprehensive program of technical papers and 
committee reports has been arranged. 


The Smoke Prevention Association will hold its 
Twenty-Fourth Annual Convention in Newark, New 
Jersey, June 24 to 27 inclusive; headquarters Hotel 
Robert Treat. 

Arrangements have been made for inspection trips 
to points of interest in Newark and the surrounding 
territory. A most interesting program has been 
arranged which will afford those in attendance an 
opportunity to learn the latest development in smoke 
prevention and fuel conservation work. 


The National Board of Boiler and Pressure 
Vessel Inspectors will hold its eighth Annual Meet- 
ing at the Hotel Patten, Chattanooga, Tenn., June 
17, 18 and 19. A symposium on Welded Boiler 
Drums and Riveted Boiler Drums is included in the 
program. 

Inspection trips will be made to the various boiler 
manufacturing plants in the Chattanooga district. 


Correction 


In the May issue of COMBUSTION, Dr. R. E. 
Hall contributed a discussion of A. A. Markson’s 
paper ‘‘Development of a High Pressure System for 
Boiler Water Conditioning’’ which paper was pub- 
lished in our April issue. 

In the second column of page 46, second para- 
graph, of Dr. Hall’s discussion, there appears the 
following: 

“By removal of the bicarbonate by precipi- 
tation with lime, a reduction in total solids 
of 35 per cent or more is effected.”’ 

This statement should be corrected to read 30 per 
cent, instead of 35 per cent. 
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THE DE WATERS 


Automatic Safety Latch 
meets every state law and 
Code Requirement 


It is a protective device designed to hold furnace 
doors securely closed in cases of explosion or pres- 
sure releases within the furnace. It is simple, auto- 
matic and unfailing, and will positively catch and 
hold no matter how gently the door is closed or how 
forcibly it is slammed. 


ow 


Note these features of the 
De Waters Automatic Safety Latch 


1. Is absolutely automatic in its action in securely 
fastening the door. 


2. Due to the latch action being limited, compels the 
operator to keep the door in alignifient. 


3. Is rugged and durable, all parts made of heat-treated 
cast steel—guaranteed for the life of the boiler. 


4.. Meets all requirements of the state and city laws and 
the A.S.M.E. Boiler Construction Code. 


5. Reduces liability insurance on the power plant. 


USED BY THE LEADERS 





Send for Booklet 
“Safety Insurance in Boiler Rooms” 


DE WATERS AUTOMATIC 


SAFETY LATCH CORP. 
122 East 42nd St. (Chanin Bldg.) 
New York City, N. Y. 
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Reliance 


SAFETY WATER COLUMNS 


" NECESSARY 
AS FUSES... 


F course, without fuses, it is 

not certain that overloads 
would play havoc with electri- 
cally powered contrivances. Fuses 
are simply protective prepared- 
ness. They make damage by 
burn-outs less likely. 

If it is good practice to protect 
electrically powered contrivances 
with fuses, why hesitate to protect 
boilers with safety water col- 
umns? True, without them, you’re 
not bound to have a boiler or tur- 
bine damaged through high or 
low water. The real point is 
you’re certain not to when boilers 
are Reliance protected. 

Swapping uncertainty for cer- 
tainty is the soundest of common- 
sense. Scores of automobile driv- 
ers are in jail today who yester- 
day would have laughed at the 
idea of being faced with a man- 
slaughter charge. Others will 
drive a lifetime without getting 
even a parking ticket. Boilers 
without safety water columns are 
as uncertain as that. 

Tell us your pressures today. 
8 out of every 10 safety water 
columns in use are Reliance. All 
pressures up to 750 lbs. 


At the left is the Reliance Forged 
Steel Column for 750 Ibs. pres- 
sure. It is equipped with Reliance 
1500 lb. water gauge and gauge 
cocks. Reliance Water Gauges, 
flanged and screw types in vertical 
and “Tiltview” patterns, are as de- 
pendable and efficient as Reliance 
Safety Water Columns. The same is 
true also of Reliance Gauge Cocks 
with renewable seat and cone valve. 


The Reliance Gauge Column Company 
5942 CARNEGIE AVE., CLEVELAND, OHIO 
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Write for Free Literature 


Exclusive Distributors 
Power Plant Efficiency Company 


Union Title Building 
Indianapolis, Ind. 
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r driving. 
that pump 


For operating all types and sizes of 
centrifugal pumps, the Terry Turbine 


matic control. 


type of turbine for efficient pump drive. 


The Terry, Steam Turbine Com 


TERRY SQUARE, HARTFORD, CT. 
OFFICES IN PRINCIPAL CITIES 


Steam Turbines+ Gears-+ Shaft Couplings 





THE TERRY TU RBINE 


offers the advantages of dependability 
and economy. It also permits extreme 
flexibility and is easily adapted to auto- 


A Terry engineer will be glad to aid 
you in selecting the proper size and 


pany 
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$900,000,000 Expansion Program 
For Electric Power Industry 


An increase in the 1930 construction programs of 
electric light and power companies, was reported to 
President Hoover by Matthew S. Sloan, president of 
the National Electric Light Association in a letter 
of April 29th. Last November, this year’s expansion 
program was reported as $865 ,000,000 but added pro- 
jects will increase the total to probably $900,000,000. 

Mr. Sloan’s letter to President Hoover follows: 

“Within the last week I have again secured prog- 
ress reports from electric light and power companies 
of the status of work in carrying out the programs 
for new construction and expansion of facilities of 
which you were advised at the conference in the 
White House on November 27, 1929. 

‘Reports by telephone and telegraph are in hand 
from executives of companies representing 80 per 
cent of the total to be expended. 

“The new construction program of the electric 
light and power companies is progressing according 
to schedule and no curtailment or slowing down 
is reported in this program; on the contrary, in 
several cases projects have been added which will 
result in a revision upward, amounting to an in- 
crease of thirty or forty million dollars. 

‘The program for the electric light and power 
companies as announced to you was $865,000,000 
and the information in hand indicates that this will 
probably reach $900,000,000. 

‘*You may also be interested in information on 
the output of electricity because of its value as 
indicating general business conditions. 

“During the entire period since the first of the 
year, output of electricity by the electric light and 
power utility companies has maintained levels above 
those of corresponding weeks in 1929. 

‘The output for January, February, March and 
April to the 26th of the month, has been 5.5 per 
cent, 2.6 per cent, 3.0 per cent and 1.8 per cent, 
respectively, above 1929. 

‘The output for these same months is, however, 
19.8 per cent, 11.6 per cent, 14.7 per cent and 18.3 
per cent respectively above the levels for 1928. 

‘The rate of increase in output of electric energy 
during the greater part of 1929 was abnormally 
high, due in large part to accelerated industrial 
activity. For this reason we consider the levels of 
electric energy output which have been maintained 
this year as indicative of strong demand for electric 
service. 

‘‘Although there is falling off in industrial power 
in localized areas, this has been more than offset, 
taking the country as a whole, by the remarkable 
increases which are going on in the use of electricity 
in homes. The use of electricity in households in 

the United States is running about 15 per cent above 
‘the levels for 1929.”” 
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MR. GENERAL MANAGER 


This organization can help you! 


Perhaps you have a 


a successful conclusion. 


A staff of trained research engineers, 
chemistsand competentanalysts, together 
with extensive modern laboratory facili- 
ties, enable the P. T. L. organization to 
effectively deal with technical problems 
whether they relate to purchasing, pro- 


ducing or selling. 


An interesting 32 page booklet describes 
P. T. L. Service in detail. Send for your 


copy. 


roblem involving 
chemical analysis, physical testing or 
scientific research. If so let this nation- 
wide organization follow it through to 


PITTSBURGH TESTING 
LABORATORY 


PITTSBURGH 
PENNA. 











in the 


Branch Offices 














































Ellison Inclined Draft Gage 
Not Built to a Price 


The Ellison inclined tube gage is the original—not an imitation. It is 
a masterpiece in design, construction and accuracy and is built by an 
organization of draft gage engineers ever seeking the ideal. A new 
feature has been added comprising a removable plug for cleaning the 
indicating tube. 








Bulletin Nine-A describes this remark- 
ably accurate and well constructed gage. 


ELLISON DRAFT GAGE COMPANY 
214 West Kinzie Street Chicago 











Just off the press!—a new bulletin pinteblailinin. 


“How BECO Baffles Modernize 
Old and New Water Tube Boilers” 7 


This BECO Sheet Metal 
Separator placed down each 
diagonal alley separates the 
plastic and eliminates crack- 
ing and breaking. Positive 
expansion joints are created. 
Hot gases, worth dollars to 








Write for a copy of this new bulletin which tells and shows \ you, cannot get through. 
how water tube boilers of all types should be baffled for maxi- BOILER ENGINEERING COMPANY 

mum money-saving. Send sketch of your present boiler and 24 Commerce St. Newark, N. J. 
give data. Our engineers will be glad to quote and will esti- CANADA: F. W. Pennock & Co., Montreal, Quebec. 

mate the money BECO Baffles will save for you. GREAT BRITAIN: Detrick Arch Co., Ltd., London, W.C.1 








—Steady Growth—— 
of 


Engineering Endorsement 





Regular re-orders year after year 
from 90-95% of our customers can 
have but one meaning :— 


APEXIOR protective coating has 
proved its value in preventing boiler 


Hon of hundreds of public wtilite, REFRACTORIES 


and industrials, 











Fire Clay 
Silica Chrome 


Write for Bulletin No. 1180 


A _ Magnesite 
i é APEXIOR j ee. High Alumina (Diaspore) 


High Temperature Cements 














General Refractories Company 
The DAMPNEY COMPANY of AMERICA * 106 South 16th St., Philadelphia, Pa. 


District Offices: Boston, Buffalo, Chicago, Cleveland, Detroit, 
Indianapolis, New York, Pittsburgh, St. Louis, San Francisco 
HYDE PARK BOSTON, MASS. Representatives: Seattle, Montreal, Havana, Cuba 
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Further Reduction Ordered in 
California Oil Production 


As a step toward further stabilization of the Cali- 
fornia oil industry, an agreement to reduce produc- 
tion to 596,000 barrels a day was reached May 14 
by a committee representing the general operators 
of the state. For the past few months the daily 
production has been limited to 609,000 barrels. 

The new cut in production was decided upon after 
the operators’ committee had heard the report of 
eleven producing companies as to the status of the 
oil industry, according to an announcement by H. R. 
McMillan, president of the California Oil and Gas 
Association. 

The new curtailment figure is expected to remain 
in force for six months, at which time a new figure 
will be fixed according to conditions then prevailing. 

. 

T. G. Hart has been made General Sales Man- 
ager of the Terry Steam Turbine Company and will be 
located at the company’s homeoffice Hartford,Conn. 
Mr. Hart has been associated with the Terry Com- 
pany since 1919 and for the past several years has 
been manager of the Chicago office. 

e 

The Terry Steam Turbine Company also announces 
the appointment of $.O. Maxwell as district manager 
of the New York office at 90 West Street, New York 
City. Mr. Maxwell has been associated with the 
Terry Company since 1925 and during the past several 
years he has served as assistant New York manager. 

8 

Ford, Bacon & Davis, Inc., engineers, New York 
City, announce the appointment of Page Golsan as 
business manager. 

Mr. Golsan was formerly vice-president and gen- 
eral manager of the Great Western Portland Cement 
Company and has become associated with Ford, 
Bacon & Davis to supervise a phase of the company’s 
activities in the natural gas field. This organization 
recently completed the largest and longest high 
pressure pipe line in the world, extending from the 
gas fields of Louisiana to Atlanta and Birmingham. 

e 


The International Railway Fuel Association held 
its annual meeting at the Hotel Sherman, Chicago, 
May 6 to 9g inclusive. An attendance of 2,012 is 
reported. 

At the closing session, the railroad members of 
the Association elected the following officers for 
the ensuing year: President, C. H. Dyson, fuel agent, 
Baltimore & Ohio, Baltimore, Md.; vice-president, 
W. G. Black, mechanical assistant to the president, 
Chesapeake & Ohio, Cleveland, Ohio; vice-president, 
C. I. Evans, chief fuel supervisor, Missouri-Kansas- 
Texas, Parsons, Kan.; vice-president, J. M. Nichol- 
son, fuel conservation engineer, Atchison, Topeka 
& Santa Fe, Topeka, Kan. 
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— CE-CO — 


Industrial Enamels 
in any shade 


CE-CO Engine Enamel 


A heat-resisting, oil proof enamel, especially recom- 
mended for finishing engines, steam turbines, genera- 
tors, pumps, compressors and general machinery. 


CE-CO Pipe Enamel 


Adapted for resisting moisture, oil, grease and mod- 
erate fume and heat conditions encountered in power 
houses and industrial plants. It dries to a tough, 
elastic, durable glossy film that preserves pipes and 
covering. Its hard, smooth surface makes it easy to 
keep clean. 


CE-CO Cement Floor Enamel 


Penetrates and fills the pores of cement, acts as a 
binder and tends to prevent disintegration of the floor 
surface under traffic. This enamel dries to a hard, 
smooth, lustrous finish which resists wear and is not 
affected by oil or water. Quick drying. 





CHEESMAN-ELLIOT CO. Ine. 


Established 1876 
TECHNICAL Paint MAKERS 
639-647 Kent Avenue, Brooklyn, N. Y. 
Works: Brooklyn, N. Y.—Wiiliamsport, Pa. 





CHEESMAN-ELLIoT Co., INCc., 
639 Kent Avenue, Brooklyn, N. Y. 


Please send me your new Bulletin No. 11 describ- 
ing CE-CO Industrial Enamels. 


FIRM 

NAME 
ADDRESS 
POSITION 
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A SAFE 
BLOWER 





“The Turbine Blower 
that applies its own 
emergency brake” 


The Carling is the only turbine 
propeller blower made that is 
equipped with a safety flange 
which prevents explosion of the 
turbine through run-away should 
the fan wheel become detached 
from the main shaft. 


This safety feature involves no 
mechanism external to the tur- 
bine itself and is broadly covered 
by United States Patent Number 
1,307,111, with foreign patents 
applied for. 





CARLING TURBINE 
BLOWER COMPANY 


WORCESTER, MASS. 
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Pittsburgh Piping 
Creased Bends 


(Patented) 
SAVE SPACE 
DECREASE HEAT LOSSES 


Write for Literature. 
Pittsburgh Piping & Equipment Co. 


Pittsburgh, Pa. 
Ww YORK BOSTON 
220 Broadway SAN FRANCISCO 10 High Street 
Call Building 
HICAGO INDIANAPOLIS 
puoi ie Building Occidental Building 
powered HOUGHTON, MICH 
VELAND $ _ ; 
oun 7 ft General Motors Building Deo Building 














A limited number of 
w/ bound volumes of COM- 
~N BUSTION Magazine. 


These volumes, handsome- 
ly bound in buckram cov- 
ers, contain the first twelve 
issues of this magazine— 


July, 1929 to June, 1930, 
inclusive. 


Due to unexpected de- 
mands upon our reserve 
supply of certain issues, 
the edition of bound vol- 
umes will be limited to 
fifty copies. Requests will 
be filled in the order of 


their receipt. 


PRI ’ 
Bape oped Send your order today to: 


COMBUSTION 


200 Madison Ave. New York 
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No wonder he smiles! From 
one year to another his boilers 
require no cleaning. He is 
one of many fortunate en 

neers who laugh at boiler 
scale. You can do the same. 


Oo more Sunday work! 


The chief engineer no longer 
works overtime cleaning boilers 


HE Chief Engineer of a water supply company in New Jersey 
operates a boiler plant consisting of 1 Erie, and 2 Babcock and Wilcox 
water tube boilers, totaling 435 hp. The feed water, as obtained 
from their well, contains only 6 grains of hardness per gallon, but in spite of 
that fact the Chief Engineer writes that he formerly had “endless trouble 
with scale.” He tried boiler compounds of all sorts, but was not successful 
in preventing scale or relieving the constant difficult cleaning it causes. 
Previously he had only one Erie boiler, of the three boilers mentioned 
above. He thoroughly investigated scale prevention and was so convinced 
he was on the right track that, when the two new B & W boilers went in, 
he also installed a Permutit Water Softener to remove all scale-forming 
impurities from the total feed water of 24,000 gallons per 24 hours. 
Starting with 2 new boilers, he had an excellent chance to observe the 
work of the Softener. And this is what he writes: 


“Before installing our Permutit Water Softener . ....... 
we had endless trouble with boiler scale. At that time, we installed two 
Babcock boilers. . . . Up to the present time, the Babcock boilers are as 
clean as the day they were installed. . . . We have used a number of boiler 
compounds, but find your Softener is the only treatment that has given 
satisfaction. We consider this method of water softening 100% perfect.” 

After all these years, his boilers are as clean as the day they were in- 


stalled! Think what it would mean to you to have your boilers stay clean. 
This Chief Engineer got his original suggestions from our 
booklet “Reducing Fuel and Boiler Plant Operating Costs,” 





4 





which contains a clear explanation of the causes of scale and how 
to prevent it, as well as first-hand data which we have collected 
from engineers in the hundreds of plants we have served. 

You will find it very interesting and instructive—just clip and 
mail the attached coupon today for a copy. 


The Permutit Company 
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a The 
a . 
EDUCING Fuel Ps Permutit 
and Boiler Plant ies Company 
= on as 440 Fourth Ave. 
eovsomass I New York 


Please send me your free 
booklet, “Reducing Fuel and 


B Hh Milles “ 
Boiler Plant Operating Costs.” 
APPARATUS FOR REMOVING IMPURITIES FROM WATER P 
I i Position......... 
Main Orrice: 440 FourtH AVENUE, New YorkK i tie Oo aE z 
BRANCH OFFICES IN ALL PRINCIPAL CITIES Sy 
pS ERT Cesk Re ERIE BORER 
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The Sirocco Induced Draft Fan 


for stoker-fired and pulverized 
fuel-fired boiler plants 


1. Economical 2. Compact 3. Long lived 
4. Large Air Capacity 
5. Low power consumption 6. A product of American Blower 


Designed to give maximum number of operating 
hours when handling gas carrying erosive dusts. 


AMERICAN BLOWER CORPORATION, DETROIT, MICH. 


CANADIAN SIROCCO CO., LIMITED, WINDSOR, ONTARIO 
BRANCH OFFICES IN ALL PRINCIPAL CITIES 
(1022) 


American Rlower 


ANUFACTURERS OF ALL TYPES OF AIR NT SINCE 160 
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REPEAT ORDERS 
TELL THE STORY 


GREEN’S CINDERTRAP 








No. Units Additional 
Original Units 
Purchaser Location Installation Purchased 

Brooklyn Edison Co............ Hudson Ave....... 8 8 
American Gas and Electric Co... Stanton .......... 1 7 
Atlantic City ...... 2 
Glen Lyn, Va....... 1 
Cabin Creek, W. Va. 1 
Scranton ......2¢.. 2 
aaa e 6 
Logan, W. Va...... 1 

Peoples Gas and Electric Co... ... Davenport, Ia. ..... 2 
Emery, Ia.......... 1 
Bing and Bing, Inc............. Apartment Houses .. 1 1 
Hotel St. George... 1 
Boston Elevated Railway........ TN in ac Sale 4 4 
Interborough Rapid Transit Co... 59th Street ........ 1 11 
Levein Steel Cov... 50. ..000% Johnstown, Pa. .... 1 11 
General Electric Co............. Philadelphia ....... 1 1 
Canadian General Electric Co....Peterboro, Ontario . 1 1 








—— Write for Bulletin 160-C — 


The GREEN FUEL 
ECONOMIZER Co. 


BEACON, N. Y. 
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THREE 
LEADERS 


THAT PAY THEIR 











WAY IN ANY . 





POWER PLANT 








These 10” No. 705 non-return valves are installed in a large oil refinery. Edward 


Permanently dependable for superheated patented) impact 


(pat handwheels are used for closing against boiler tests pressures. 





steam, feedwater or blowdown. Edward 
valves are confined to certain clearly de- 
fined lines—for a widely growing market. 
Non-return valves to assure automatic 
control between boiler nozzle and header 
—drumhead stop-check valves of proved 
reliability for the feedlines—blowoff valves 
of satisfying freedom from leakage—these 
are three leaders that pay their way in any 






power plant. There is a type for every pip- 
r Hydrostatic pressure is being ap- 
ing layout. plied to No. 548, drumhead stop- 
check valve—water and air tests 
are made both above and below 


THE, EDW ARD VALVE & the disc. 
MANUFACTURING CO. 


Edward blowoff valves 
are made for pbres- 
sures up to 2000 Ibs. 
Cut shows Valves Nos. 


EAST CHICAGO - - INDIANA 
341 and 343, which save 
money in the 2502 
W.S.P. range. 
TRADE MARK REG.U.S.PAT.OFFICE 
IRIE. it RR RRR EN EES SR TR RS NR RRS ELANTRA EO tens 





COMBUSTION — June 1930 





eee aa OUNCING 


At the FORD MOTOR COMPANY, 
RIVER ROUGE, the new 1450# 
boilers wiil be equipped with a 
total of 8 Diamond Gauge Glasses 
and Water Columns. 


©) 
«<® 


At the Milwaukee Electric Railway 
& Light Company, Lakeside Station, 
the new 1500# boilers will be 
equipped with 4 Diamond Gauge 
Glasses and Water Columns. 


Oo | 9 
©) || | 
6) || © 
6} || ‘© 
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ithe DIAMON 








PRESSURE GAUGE GLASS 


"LOOSE WINDOW CONSTRUCTION 


WATER COLUMN 





The Diamond High Pressure 
Gauge Glass construction 
overcomes the one great 
difficulty experienced in 
high-pressure gauge glasses; 





ous pressures. Furthermore, 
where the glass is clamped 
between the metal parts, the 
great difference in expansion 
between the metal and the 








namely, the clamping of 


glass ruptures the glass. 








the glass windows. In the 
Diamond construction, the 
glass is virtually loose, acting 
only asa supportfor the mica. 


In the Diamond Water Col- 
umn the gauge valve bodies 
are forged steel. Seats are 
heat-treated stainless steel 





By reason of the glass 
not being subjected to the J 








and renewable. Gauge valve 
U discs are monel_metal and 











clamping strain, longer win- 
dows and consequently greater length of 


vision is obtainable. 
* -) < 


The mica is clamped between the metal parts 
and virtually forms what might be called a 
drumhead. This drumhead is supported by 
the “loose window” glass which lies back 
of the mica without the glass itself being 
subjected to the clamping 
pressure to which the mica 
is subjected. The glass is 
never subjected to a higher 
pressure than the steam 
pressure itself. Gauges of 
this design can therefore 
be used on boilers operat- 
ing under extremely high 
pressure as it is not necessary 
to subject the glass to danger- 
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DIAMOND POWER SPECIALTY CORPORATION 
DETROIT, MICHIGAN 


are self-aligning. Valve stems 
are monel metal with special threads external 
to the valve body to insure quick opening. 
Design of valves is such that renewal of 
any part may be readily accomplished. 


Diamond Gauge Cocks have renewable 
seats, discs, and stems and follow the same 
general design as is used in the gauge valves. 


DIAMOND 


HIGH PRESSURE GAUGE GLASSES 
AND WATER COLUMNS 


MADE BY THE MAKERS OF 
DIAMOND SOOT BLOWERS 
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MASTER 
MODEL “K-2” 


BALANCED 


—another exclusive 
feature in BAYER 
SOOT BLOWERS 


Though the time required to open one valve and com- 
plete a single blowing operation is small, when multi- 
plied by the number of elements and the number of 
operations a year, the greatly reduced manual effort 
and time saved with Bayer Balanced Valves means a 
considerable saving. 


As may be seen from the illustration of the Bayer 
Valve in balanced position, the force required for 
opening the valve is considerably reduced. Actually 
the Bayer valve opens against a force of only 21 
pounds with a boiler pressure of 200 pounds per 
square inch. A similar valve without the balanced 
feature would require 706 pounds. 


It does not take a diagram for any engineer to realize 
the time saved and the great reduction of wear and 
tear on blower heads where this exclusive Bayer 
feature is used. 


BAYER CHROMITE non-corrosive elements 





Z BAYER’ 


for every type / y 
of boiler 





“CHROMITE?” is the trade name adopted by the Bayer Company and 
means that Bayer CHROMITE Air-Cooled Soot Blower Elements are 
fabricated from Chromium Iron alloy into continuous lengths of rolled 
tubing (not cast). 


The heat resistance qualities of CHROMITE combined with air-cooling 
produces a soot-blower element that is immune to oxidation and warp- 
ing even when exposed to temperatures as high as 2650 degrees F. 


Our experience with effective soot-blower installations may be 
of help to you. We will be glad to answer your questions. 


THE BAYER COMPANY 
1508 Grand Bivd., St. Louis, Mo. 
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Two Bricks 








HEREcombustionchambertem- 


peratures are in excess of 2000°F. 
the temperature behind the refrac- 
tory destroys or impairs most insu- 
lating materials. Armstrong’s Insu- 
lating Brick should always be used 
in such equipment. They withstand, 
without deteriorating, a direct heat 
of 2500°F., which allows an ample fac- 
tor of safety above the normal work- 
ing temperature of most furnaces. 


for 














wo Services 


Where back-of-the-refractory tem- 
peratures are less than 1600°F., use 
Nonpareil Brick. They give depend- 
able protection against excessive heat 
loss with the assurance that they will 
not fuse, spall, or crack at any tem- 
perature under 1600°F. Both brick 
are frequently used, each in its proper 
zone, in equipment where higher and 
lower temperatures are maintained 


in different parts. 


Both Armstrong’s and Nonpareil Brick are now machine-sized to accurate 

and uniform dimensions, and are made in all standard firebrick shapes and 

sizes. Samples and full information on request. Armstrong Cork & Insula- 
tion Company, 934 Concord Street, Lancaster, Pennsylvania 


Amnstrongs «Nonpareil Insulating Brick 


For Furnaces, Ovens, and Boiler Settings 
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This boiler unit has oper- 
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Cross section of one of three iT ii 
Combustion Steam Generating i ti 

Units installed at the East River 

Station of the New York Edison HL HF i 
Company. Hf i HE 1 
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Pulverized Fuel 
















ated at a rate sufficient to 
more than serve a city the 
size of Washington, D. C. 


One of the Combustion Steam Generating units 
installed at the East River Station of the New 
York Edison Company has operated at the rate 
of 1,250,000 lb. per hour— a steam output suf- 
ficient for a station of 125,000 kw. — more 
than is required to serve a city the size of 


Washington, D. C. 


This unit consists of : 


Ladd Double Drum Boiler 
Bare Tube Water Cooled Furnace 
Walls — Lopulco Pulverized Fuel 
System and C-E Air Preheaters 





This organization is prepared to design and 
build units for even greater steam outputs 


Combustion Engineering Corporation 
200 Madison Avenue New York, N. Y. 











ates 







Equipment 33 Water Cooled Furnaces $3 Air Preheaters 
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As modern industrial plants ap- 
proach the efficiency of central sta- 
tion practice, Vulcan Soot Cleaners 
are selected for the vital service of 
safeguarding boiler surfaces against 
soot and the consequent rapid heat 
waste. 


Leading designing engineers spe- 
cify Vulcan Soot Cleaners for pub- 
lic utility and industrial plants and 
it is significant that repeat orders 
are a large part of our business. One 
hundred and ten Vulcan Soot Clean- 
ers—15 orders—for the Cleveland 
Electric Illuminating Co., nearly 
100,000 boiler horsepower installed, 
speak for the highly satisfactory re- 
sults obtained by users. 


Vulcan Type “H”, Monel Metal 
Trimmed, Valve Operating Head 
Soot Cleaner is meeting all condi- 
tions—high temperature and pres- 
sures of operating steam, high fur- 
nace temperatures, difficult design 
and operating conditions, or what 
have you. 


Vulcan Type “SH” 
Soot Cleaner 


Write for information on the steam seal that stays tight, _ aK NT 


VaL CAN Soot Cleaners Save Fuel 


for un new American Industry 












In this‘ Modern 
Plant<of the 
American Salpa 
Corporation 


“As modern and fully 
equipped as any in this 
country” .. . this plant 
of the American alpa 
Corporation near Spots- 
wood, N. Ti ‘is so de- 
signed with respect to 
the particular power re- 
ee of the plant 

at the overall cost of 





power, heat and light 
will be reduced to the 
lowest possible figure,” 
states Power Plant En- 
gineering in its leading 
article in the April 15, 
1930, issue. The two 
556-hp. Badenhausen boil- 
ers, =. = pad *, pres- 
sure an F. su- 
perheat, are oe. clean 
with Vulcan Soot Clean- 
ers. 


{a , 
ADVANTAGES 


Accessibility 

Ample Chain Clearance 
Enclosed Gear 

Flanged Head, making 
it easy to mount or dis- 


mount the head 


Deep Stuffing Box 








the self-lubricating stuffing box that insures easy operation 


and other Vulcan features. 








The Vulcan Soot Cleaner Co., Du Bois, Pa. 
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FOR ALL PRESSURES UP TO 


1350 LBS. 


Whatever the size of the boiler . .. whatever the 
working pressure .. . there is a Yarway Water 
Column particularly suited to it. 


For 7 different types of Yarway Water Columns 
are built for pressures up to 1350 lbs. 


They are made with gray iron or forged steel bod- 
ies, with screwed or flanged boiler connections. 


Types for pressures up to 600 lbs. are equipped 
with the Floatless HI-LO Alarm mechanism that 
keeps a constant checkup on the boiler water level 
and immediately gives warning by whistle or light 
(or both) of any dangerous deviation from normal. 
This mechanism operates on the displacement 













NO FLOATS 


400 lbs. 


Fig. 4112-54. Forged steel flanges 
and shell. Flanged boiler and 
gage connections. Fitted with 
Type C Yarway Se-Sure Inclined 
Water Gage. For 400 Ibs. work- 


ing pressure. 


250 lbs. 


Fig. 4101-51. Forged steel flanges 
and shell. Screwed boiler and 
gage connections. Fitted with 
Type D Yarway Se-Sure Inclined 
Water Gage. For 250 Ibs. work- 
ing pressure. 


YAR WAY 


principle with solid weights, has no hollow floats 
to collapse or become water-logged and useless. 
Hence Yarway Water Columns insure positive de- 
pendability at all times and under all conditions. 


The SE-SURE Inclined Water Gage (also standard 
equipment on columns for pressures up to 600 
lbs.) permits instant easy reading of the water 
level from any position, irrespective of the height 
of the gage from the boiler room floor. 


Write for Booklet WG-1802. Sent on request. 


YARNALL-WARING COMPANY 
Mermaid Ave. and Reading R.R., Philadelphia 


2.0 eB) 


f 


} 
i 
: 


600 lbs. 


Fig. 4112-56. Forged steel flanges 
and shell. Flanged boiler and 
extra heavy flanged gage connec- 
tions. Fitted with Type F flat 
lass Yarway Se-Sure Inclined 
ater Gage. (May be fitted with 
Mercoid electric switch as indi- 
cated.) For 600 Ibs. working 
pressure. 











1350 Ibs. 


Fig. 4116-80. Water Columns for 
this advanced pressure have no 
Hi-Lo Alarm mechanism. Extra 
heavy forged steel flanged boiler, 
gage and column blow- down 
connections. Fitted with steel 
type YarwayVertical WaterGage. 


FLOATLESS WATER COLUMNS 
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A recent installation of an American Sectionally-supported Wall 
backing up a water-cooled furnace. This is one of two 1300 hp. oil- 
fired units. In a portion of the side walls, where flame impingement is 
likely to occur, the tubes are completely covered. The remaining side 
wall tubes are set in recesses in the tile so that the outer half of the 
tubes is exposed to radiant heat. The supporting structure for the 
refractory tile also provides support for the insulating brick behind 
the tile. A sectional view is shown below. 
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An Improved 
Water-Wall Backing 


The American Arch Company has developed a 
sectionally-supported wall construction for back- 
ing up water-walls which offers the following ad- 
vantages: 


ws An exceedingly stable struc- 
ture providing all the proven 
advantages of the sectionally- 
supported wall design, includ- 
ing adequate provision for ex- 
expansion and contraction 
stresses. 


= Permits unusual flexibility in 
the disposition of radiant heat- 
ing surface. 


= Adaptableto any typeof water- 
_ cooled furnace. 


= Tile remain securely in place 
regardless of tube expansion 
or displacement. 


ws Tile are installed or removed 
from the outside. 


a Thoroughly insulated to min- 
imize radiation loss. 


= Low in first cost and main- 
tenance. 


This construction employs the standard Ameri- 
can Arch Company sectionally-supported wall de- 
sign; the outer surface of the refractory tile may 
be recessed to accommodate half the circumfer- 
ence of the water wall tubes which may be spaced 
as desired to provide any amount of radiant heat- 
ing surface. The refractory tile are backed up by 
insulating brick to minimize radiation losses. 





Write for a copy of Modern Furnace De- 
sign a 48-page book showing modern appli- 
cations of air-cooled walls and arches to va- 
rious types of furnaces. 


AMERICAN ARCH COMPANY, INC. 


INDUSTRIAL DEPARTMENT 


66 East 42nd St. 





New York 
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LOW or HIGH 


Pressures— [emperatures—Capacities 


— <A few notable Elesco superbeater in- 
stallations made during the past year. 








New York Edison Co., East River Station 

Steam temperature........ ..710 deg. F. 

Pressure..................425 lb. per sq. in. 

Steam generation ....... .800,000 Ib. per hr. 

1,2 vom? Ib. per hr. maximum obtained 
to date. 


ooo OD 








LES 


Union Electric Light and Power Co., 
Venice Station 


Steam temperature...............700 deg. F. 
ne ee ger sq. in. 
Steam generation ....... .235,000 Ib. per hr. 


oo CH 





Steam temperature.............. 680 deg. F. 
Pressure..................300 Ib. per sq. in. 
Steam generation. ........200,000 Ib per hr. 











Saskatoon Power Co., Regina Plant 








Steam temperature...............725 deg. F. 
PROSSER. 00.0.0 0.00.05 + 400 1b, pet 20 ia. 
™ Steam generation.........85,000 Ib. per hr. 
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—Elesco 
Basic Fundamental Principles 
Remain the Same 


Y, peceen pressures, temperatures and capa- 
cities in power-plant practice have followed 
a rising trend since this company’s formation, the 
extensive application of Elesco superheaters, both 
to normal and extreme conditions, conclusively 
has proved that adherence to pioneer basic Elesco 
design principles gives consistently excellent re- 
sults. These fundamental basic principles are: 


1. High steam velocity. 


2. Multiple-loop, single-pass superheater unit 
construction. 


3. Perfect steam distribution in the headers by 
locating steam inlet and outlet on opposite 
ends. 


4. Location of headers outside of the boiler set- 
ting wherever possible. 


5. Small-diameter tubing with several sizes 
available. 


6. Detachable superheater units. 
7. Minimum number of joints. 


THE SUPERHEATER COMPANY 
60 East 42nd Street, NEW YORK 


UD 


Peoples Gas Building Union Trust Building 


CHICAGO PITTSBURGH 
CANADA: The Superheater Company, Limited, Montreal 
Birmingham Denver Kansas City New Orleans 
Charlotte Houston Memphis San Francisco 

A-453 















FOR 1400 POUNDS PRESSURE 


AT SAN ANTONIO 





Fhe Problem 


To provide effective, economical 
feed water regulation on a Connel- 
ly cross-drum sectional- header 
boiler operating at 1400 pounds 
steam pressure. Equipment will in- 
clude a Foster-Wheeler superheat- 
er, air heater, economizer and 
steam reheater. Maximum evapo- 
ration will be 215,000 pounds 
per hour, with a steam tempera- 
ture of 810 degrees F. Feed water 
pressure will be 1600 pounds, 
with a temperature of 338 de- 
grees F. 


The Solution 


The turbine-driven boiler feed 
pump is being equipped with a 
COPES Type DS Governor suit- 
able for 1400 pounds steam pres- 
sure. A COPES Type SDS Differ- 
ential Valve will be installed in the 
discharge line from the motor- 
driven pump. The boiler is being 
equipped with a COPES Type BIR 
Regulator, with the new COPES 
unit for liquid transmission of 
power as illustrated above. This 
leak-proof, quick-acting unit was 
originally designed for the 685- 
pound pressure boiler of Unit 4 
at Waukegan. 










Again the COPES System of Boiler Feed Control is chosen 
for a 1400-pound pressure installation—this time by 
United Engineers & Constructors for the new addition to 
Station B of San Antonio (Texas) Public Service Co. 


COPES has undivided responsibility from the feed 
pumps to the boiler. The correct differential water pres- 
sure will be maintained in the feed line by a COPES Type 
DS Governor installed in the steam line to the turbine- 
driven pump, or by a COPES Type SDS Differential Valve 
installed in the discharge line from the motor-driven 
pump. Water will be fed to the boiler in accordance with 
load demands by the regulator illustrated above—a 
COPES Type BIR, arranged for liquid transmission of 
power from the thermostat to the valve. 


Alert designers and operators demand accurate control 
from simplified equipment. COPES engineers provide it. 
Regardless of your operating pressure, they give you a 
scientific service plus modern, simplified COPES equip- 
ment tailored to your specific needs. Facts on request. 


NORTHERN EQUIPMENT COMPANY 
616 Grove Drive, Erie, Pa. 


BRANCH PLANTS IN CANADA, ENGLAND, FRANCE, GERMANY, 
AUSTRIA AND ITALY. REPRESENTATIVES EVERYWHERE. 


COPES 


SYSTEM oF BOILER FEED CONTROL 
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Engineers Who Know Good 
Firebrick Construction Insist on 


HYTEMPITE 


(Reg. U. S. Pat. Off.) 


For Furnace Construction and Maintenance 
Because HYTEMPITE Gives More Than a 
Surface Bond 


It bonds through 
the entire wall. The 
thin, strong joint re- 
sists erosion. Fire 
Brick bonded with 
Hytempite give 
longer service. 

HYTEMPITE when 
mixed with crushed 
old fire brick or 
Ganisand is used for 
monolithic construc- 
~_ tion, baffles, patches, 
repairs, special 
shapes and tile, etc. 


= BAFFLES 


Vertical or inclined baffles using HYTEMPITE 
to bond the refractory material have been in- 
stalled in many power plants during the last 
few years, representing a total of more than 


500,000 BOILER H.P. 


Old fire brick linings, crushed to quarter inch 
mesh, including the fines, are used for the mix- 
ture, which is tamped in place against a wood 
form or shot in place against a form with the 
Quigley Gun. 
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The diagram above sho 
Baffles installed to meet a change from coal 
to fuel oil. Formerly tile baffles were used in 
the position indicated by the light lines—the 
heavy lines indicate Quigley Gastite Baffles 
which replaced them. 


Ask for bulletin 
HYTEMPITE in the POWER PLANT 


QUIGLEY !2:"3:: COMPANYnc. 


56 West 45th Street New York 
REFRACTORY MATERIALS FOR FURNACE CONSTRUCTION AND MAINTENANCE 
ACID PPOOF CEMENTS ACID AND ALKALI PROOF COATINGS 


Stock and Service through Agents in Every Industrial Center 
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250 to 500 hp. 


i 


Enco Type A Oil an 


Our work ranges from furnishing a single burner to the design and installation 


d Gas Burning Unit. 


(Enco Burners) 


Burner Units designed to use all grades of oil, 
natural or still gas and pulverized coal. 

Any combination of these fuels can be burned 
in a single unit. 

All burners have registers for air admission us- 
ing forced or natural draft. 


Two types of oil burners are used, both pro- 
ducing soft hollow cone flames. 


The S. A. R. System uses steam pressure in a 
very efficient burner of great flexibility and 
adapted to low grade oils and residues. 

The M. A. R. System uses a mechanical burner 
that operates with a comparatively low oil 
pressure. 


of complete burning equipment in large plants. 


Enco Burners are adapted to all power and process purposes. 


The Engineer Company 


17 Battery Place 


Specialists in Oil and Gas Burning 





Enco Type D Oil and Gas Burning Unit. 






1000 to 2500 hp. 





New York 











Water Softeners and Filters for 
All Industrial and Domestic Uses. 
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SCAIFE HOT PROCESS 
WATER SOFTENER 


Wm. B. Seaife & Sons Co. 


Chicago, Ill. Pittsburgh, Pa. New York, N.Y. 
Executive Offices, Oakmont, Pa. 











A Guaranteed CQ; Recorder 





























ELECTRICALLY 
OPERATED 


Guaranteed accu- [7 
rate to within 14 45 
of one per cent and 
will not require 
over 15 minutes 
weekly attention, |} 
otherwise full 
purchase price 
refunded. 


Write for particulars. 
No chemical solutions, 


UEHLING INSTRUMENT COMPANY 


4 VESPER STREET, PATERSON, NEW JERSEY 
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THE PART PLAYED BY I-R CONDENSERS IN 
CENTRAL STATION PROGRESS 
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Four Ingersoll-Rand vertical condensers, having a total condensing surface of 80,000 
square feet, serve the 94,000 kw. generating Unit No. 10 in the Long Beach Steam Plant 
of the Southern California Edison Company. These were the first large capacity vertical 
condensers to be arranged for single-pass water circulation. 

They have demonstrated their ability to maintain the same efficient performance 
and high rate of heat transfer that has characterized Ingersoll-Rand Condensers of the 
more usual horizontal arrangement. This performance has been made possible through 
the use of the characteristic IR heart-shaped shell, external air coolers, and longitudinal 
control of steam flow. 

A second unit, duplicating No. 10 shown above, has recently been installed. This 
unit is also served by four Ingersoll-Rand vertical condensers. 

For a more detailed description of unit No. 10, write for pamphlet No. 1793. 


This station was designed and built by Stone & Webster Engineering 
Corporation, under the supervision of the Department of Engineering 
Design of the Southern California Edison Company. 


INGERSOLL-RAND COMPANY, 11 BROADWAY, NEW YORK CITY 


Ingersoll-Rand 
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CUMBUSTION 


Solve your 
ash removal pro 
with the 


AND VACUUM 


ASH CONVEYOR SYSTEM 


The 
+OO plant 
of the Hagar 


most efficient « Nomuical system of 





ever devel 

Operation 1 nel le. The firema 

steam valve, LON ie intake plug 

ashes ake openings where 
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veyor sy ‘ari hes or soot rapidly out 
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t oT o the receptacle or dump. 


GEORGE J. HAGAN COMPANY 
PITTSBURGH, PA. 


Ga ll@-NCle@) SAN FRANCISCO DETROIT 
20 E. Jackson Blvd 273 Tth Street 155 W. Congress St 





